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BEPOBT OF THE SECRETARY OF THE 
SfifTTHSOlOAH INSTITUTION 

0. G. ABBOT 

FOR raE YEAR ENDED JUNE 30, 1344 

Tif the Board of Rtge^td* of the ^ntif Adciuan InetitiUion., 

Gextleicex : I Imvt! llift lionur to submit liun'Vi-jth i»y n'iiMirt show¬ 
ing the ictivkies and condition of the Sniithsonian Institution and the 
Government bureaus under its administnit ive charge tluriiig the fiscal 
year muted June 30,1944, The first 12 pages contain a summary ac¬ 
count of the alTatrs of the Institution; it wilt again be noted that many 
activities usually included in this section ai-o missing, wartimo con¬ 
ditions having forced tlieir 3tui])cn«oti, Appondlaes 1 to 10 give more 
detailed reports of the opcralions of the National Museum, the Na- 
Lionul Gallery of Art, the Natjannl Coliectlon of Fine Arts, the 
Freer Gallery of Art, the Bureau of American Ethnology, tlie Inter¬ 
national Exchanges, tbu National Zoological Park, the AstrophyaiGal 
Observatory, which now includca tho diviaions of astrophyaicol re¬ 
search and of radiation anti organisms, the Smithsonian library, and of 
the pufalications issued under the direction of the Institution, On 
page 110 U the financial report of the eiecuti ve committee of the B4>ard 
of Regents. 

Chanffe in the Stort^oTtfship .—TliU will be my last report, os on 
June 20,1944, X addressed the follownng communication to the Board 
of Regents: 

Coring ocmpl^Hl ttuD of Bfter^inrj iif ihp SmUhfrontfln fninilittlcift idncfi 
Febniarx l&SS, anil SemUiirx for ms^ ymr in-Utr ta mat, amf 

pawd «f 72 fuin, I wtali Co resEj^ fnmi tttnt tilQcif,, oiy reaifmiLioJi to Ixike 

rfTwtjaaoflillxt IW- 

1 fi»l Thai it vrmild galto snfaJr to eba to fcnt1niHi< Ui XWm ra- 

fiporaihlo poaltlcTQ la tha opmroof iblnsa coj oapactCj tutmt cradmllx 
(0 decIlB^ Ijj rfiniteTlriit my mlgnatlou^ ] wlab to (fxpFMa toy traUtudo to cJi* 
Boont lor iin kindly an^i bolplni attltoiJo, and mjr to bv of ouy oefrloo 

wliEcli itifl Bonrd of loy miccewar mny to 

Accordingly on Jnly 1944, 1 t<i be Sourotory of tho In- 

etitutianf and Dr, Alexander Wetmore, A:^ktant ScetTetaTj^ took otot 
tho duties of Hm poaition as Acting Secrettiry^ I wuh to record horo 
publicly ntj appireciAtinn of the unfailing helpfulnifces and support 
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accorded to me by the stafi of the Inrtitution, and to beapemk for my 
aiiMcssor ojid for tlift Infititution their continued loyalty and dovoted 
service, 

wanTniH ACTivErns on* the iKsri Ji'U'noTf 

During; another full year of war^ the Institution a^dn utilized its 
capabititles to the fuUeat erient in aiding the Army ami J^avy amt the 
various war agencies. Its normal peacetime research and exploration 
program v>as Uiigely abandoned except for those proiecta designe*! 
to promote better cultural relations with the other American re* 
publics, and ita publications were restricted almost entirely to papers 
having a bearing on tlie war or on the other Americas, To visitors 
to the InKtitutinn, these ehanges would not bo apparent, as its visible 
fealurefr—niuseunm and art galleries—have coiitinued to operate on 
full schedule. In fact^ hours of opening have been expan^led to in¬ 
clude Sundays for tlie benefit o£ the large numbers of service per- 
sonneJ stationed around iVashington and pia-ssiiig through. But (ho 
time of the staff—^sida from necessary curatorial work and tho 
recording of observationB tlia ticssstion of which would result in gaps 
in the BCienlific mcord—bus been devoted largely to furnishing tech¬ 
nical information and assistance urgently needed by Army, Navy, 
and war agaucifa, 

Slrtfteffie tTi/oTvna/ton to Armt/ and A^avy.—The scientific staff of 
the Institution and ita branches includes specialists in many bnuudies 
of biology, geology, anthropology, astrophysica, engineering, and 
ladmolopy, and these scientists have been called upon coiuftnatly sinw 
Pearl Harbor to answer fiuostious oonfrouting Army and Navy 
officials. Tlie present war, covering na it does widely BCutturetl 
regions of the earth, many of them little known to Anvciicans, hai 
re<piircd the assemhiing of large lunoimtu of data on (he peoples, 
geography, diseaae-harboring insects, animals and plan to. and other 
features of these far-flung regions. The Smithsonian Institution has 
been able to fumiah, both directly and through the Ethnogcographic 
Board, described below, replica to hundreds of urgent questions nf this 
Ml lire, and some sUff members have lieen in almost constant oon- 
sultation with Anuy and Navy officials. Furthermore, a number of 
war-connected research projects have been assigned to the Institution, 
and its laborntoty facilities have been utilized from time to time for 
.^.ttny and Navy investigations. 

EtAnoffW^raphic BoatiL —As .stated in tny last report, the Eibno- 
gwgrapliic Boani ia a nongovenunenfal agency, set up Jointly by 
tlie Smitluunian Institution, the National Eeaeoreh Council, the 
American Council of Learned Societies, and the Social Science Re- 
wardi Conncil, to serve as a ciearinghouse betwoen the Army, Navy, 
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Mil war ageocteft oti Hie one tuuid, and lliu acicDtific and educational 
inatilnUona of Hie Jfadoij on the oHicr, Afani? urgent report and 
iteinu of strategic information liave he«i furniahtd hy the Board prin* 
cipally on the peoples, geograpliv, ami related fealnrea of war areas. 
Thb unices of the Boanl are in tlie Smithsonian hiiiiditig, and three 
members of the Institution’s stal! were assigned to assist the Directort 
Dr. WiUiaiii Duncan Strong. The Army and Navy found Uie ser- 
riiJes of the Board fio useful tlml each appointed liaison officers t» 
fiioilitatc contact. The Board plans to continue in operation be long 
as needed during the coiniiig fiscal year, 

/flier*f^oopiffidfion.-^TiircugU invitation by other ageii” 
cies and tlirough its own initiative, tlio Institution engsg^ in a 
nuuiherof aclivitioa derigued to promote better cultural relatioTS with 
the other Anieriam republics. Work on the monuniemal Batidbook 
uf South AiuericftiJ Indians, undor the editorship of Dr, Julian H, 
Steward, was advanced materially. Volume 1, '‘Tlio Marginal 
Tribes,” and vnlutue 2, **'nie Andean Civiliaations," wbuL to the 
printer towiud the dose of tlw fiscal year, and the manuscripts of 
volumes5 and 4 were well on toward oomplwtioti. The editorial work 
iin lids project is financed by the Stats Department, and tiiu printing 
coots will be borne by the Bureau of American Ethnology, Smithsonian 
Institution, ns the Uuiulbook will appear in tho Bureau’s Bulletin 
aeries. 

In .September U»4ii Dr. Stowartl was appolntid DirecUir of the 
Institute of Social ^\jitbn»polofiy, an aatoiioinouB unit of the Bimiau 
of American Etluiulogy ropoiting to the Secrctaiy, created to carry 
out coojMratiye liaUiiiig in anthropological teaching and researeh 
witli the other American republics oa part of the program of the 
InterdeparUiirntnl Goininittoo for Cooporalioii with tlm Am wean 
Bepiiblies. ITie work of tJie Institute in Meiko was begun in co¬ 
operation with Hie Escoola Nadonal de AntropologlB of the iMtituto 
Narioual de Ajitropologfn o Historia, luul plana wem peaiding for 
work in several other American ivpublii-s. Dr. Steward abo «^ed 
on the Tei«i>orary Organixing Committee of Hw Inter*Atnericait 
Society of Anthropology and Oeograpliy, wliicli liad b«n started on 
his initiative during Ihc iirevioiis year. Dr. Btdpli L. Beals served 
as secretary of the commitiw and editor of tlie quarterly journal of 
the Society, Acta xVmericana. Paid membership in Hie Society from 
all parts of the Americas reached a total of 8tKI. 

A valuable biological project » the publication by the InsHtution 
of « "Chreklirt of the Coleopterous Bwecig of Mcjcico, CentrnJ America, 
tile West Indies, and South America,” by Dr. R. E. Blacbweldsr. 
No list of this important insret group now csists, and enlotmilogiEta of 
all the Americas will find it indispensable in future nsseardies. The 
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lirsl aiid second parts appeared La print during the year, and the 
third [lan waa In pres& 

A tiumW of scientista nn the Institution^ staff made tripe lo other 
American lepuhiic^ during the year in the fnitheranco of cooperatiTe 
sciimtilic projects in biology, geology, and anthropology. 

£?i!A<fr —As stated above, for the benefit of mili¬ 

tary and naval personnel and war wuikers the Smithsonian and 
National Musoiun Iniildingi have again been kept open all day on Sun- 
dayii. To accninplittli this mih availaBle funds, it was necessary to 
have the buildings closed on Monday mornings. Sunday Museum 
tours for service pereoimci were arranged in the Natural Elietory 
building through cooiieration with the U, S. O. A Fieid Collector b 
M anual in Natural Tlietory was publuihed and distributed free on 
request to Army and Navy pcrtionuel. Quo thousand copies each wore 
turned over to tlie Army and Navy for distribution through their own 
channels 

WarOommittee ^-—'Fhe Smithsonian War Committee appointed eoHy 
in lil4t, after canvassing fully all tlie possibilities of increoaing the 
Institution's usefulness in the war and embodying tho results of this 
study in reconuneiLdatiun for action, felt that its function was fulfilled 
and asked that It be dissolved. In osseiitiug Ui the dissoJutiun of the 
rommittcii, I wrote to the chairman, C, IV. Mibnan, os followa: 

1 to for in^lf und on beliuir oC tbo IrtstUlincitii M. n?lite uf 

the vuIqe; of ttie worts of cojnmliroo In these flererul jearSf nikd feeling: 
tiuK Uioiffi of Its trUtb bUTis b«£LCt cnirrlQil but 

wety helpful to tb# war effort 

OW TELE TIilAH'S ACTIVITIES OF THE BRANCHES OF THK 
EfSTlTtmOSS: 

Naiianat Musewn *—Again fills yv&r tin? time of Lhe ticLentifip 
)iaj been largely csccupied with confereoceE w war problemn with 
Army, Navy, and war agency officials and with famiohing tocbnical 
infonnation on requests to military and naval organiAations. The 
Museum buildings hare again bcoti kept open all day on Sundays for 
the benefit of service pereuntid, and Sumlay Mueoum tours were ar¬ 
ranged for them in cooperation with tho D, S. O. New aeceoaions 
for the year totedvd s^Kwimoiis, an increass nf mure titan 

P,0(X} over lost year. Among tlie outstanding tidditionii 10 the col- 
leotioru were the following 5 In anthropology, an importani lot of 
material from Ixidtait shes on DeSotoV ruuto throujdt the soutli- 
eastom United Sutes in liSUIMS. a collection pertaining to the Quichol 
Jadiana »f nortlicro JaiJsGO, Mexico, and an ossemblogo of khii'o and 
ludonesiari brasses end Fliillppine tnetalwork pre^mted to the Tafts 
during their residence in the Philippines; in biology, 2JX10 luanunat 
bpeciinciia from Colombia collected by Philip Kershkovltz, a bird 
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coltcctinn from the same country luunberiiig 3581 Epccimens, more 
then 10*000 mosquito spociniene from the somtary and medical corps 
of the armed fercefi^ a ntolluscau collection of (11,000 Jamaican Neri- 
lidae, the valuable Chickeriu^ horbariuni of 10,050 plant spcciiuous* 
and the Albert ifann diatom collcclttiti, which with Iha other miiterial 
on hand in tlita held makes the Mtiseiim diatom culleotion one of the 
moat iini»rtant in the world; in geology, a number of important gemn 
and mitiemls obtained through the RoehUiig, Cliamberlaiii, and Can- 
field funds, 7 new meteorites, 6 of them tindcscribed falls, and 600 
specimens of rare Paleozoic fossils collected by tlie unrator during 6eid 
work in ^fexiuo; in engineering, a jeep, the prototype of theBo vehicles 
made famous by World War n, and a Wlnton automoLile of IPO'S, the 
first autcmiohile to be driven across the Utdted States; in history, a 
numtirr of Army and Kavy medals and decorations of tyxies estal^' 
tidied during the present war. The few expeditions thal were in the 
field during the year were related directly or indirecUy to tlie war. 
Visitors for the year numbered l/f32,76S, an increase of 177,496 over 
Jasi war; approximately 40 percent were service persinnneL Tlio 
Museum publii^hed an Annual Bapoit,? Biiltei-inB. I Contribution from 
the National Herhanum, and 14 Proceedings papers- Stad changes 
iiiclndctl the bw-i by deuth of the curator of invertebrate jialeontology, 
Dr* Clinrlw E. Rfc’Hsr; Dr. G* Arthur Cooiier was apiwinlwi curator 
to MDCccvd him. 

National Odtary of Arf. — Visitors to the (jalterr totaled 2*060,071 
fur the year, the largest attendance since its openjnt;. Thirty percent 
of the vlaitoiu were men and women in. the armed sei'vices. Foal urea 
of particular interest to fiorvice jiersouiipl were the Servicenivu’s 
Koum, which provides a place of relaxation for tliem, the Sunday 
evening concerts, and the siwcia! exhibitions, Tha Bniird of Trustees 
was directed by the Treasury Departmmit lo oisuaie cuHtoilianthip of 
all works of art and exhibition material sent to tliis coontTy forvariotw 
exhibitions by the former French Govemnicnt, and iicveml officers 
of tlia Gallery were appointed to serve os officers of the American Coni’ 
miasion fur the Proteetjon and Salvage of Artistic and IlUtocic jVtoii' 
umejita in War Areas, tlie headquarters of which are located In the 
Gaileiy building. In March 1944, at the request of the State De- 
partment’, the Gallery cKtabltehed the Inter-American Office to act 
as the uGicla] Oovorranem clearinghouse for the mebange of informa¬ 
tion cwicwtiing art adivitea Jn llic American republics; The Gallery 
accepteii n number of gifte of paintings, prints, ami drawing, in¬ 
cluding 8 pnintiiigs and 106 prints and dmwinga from Losing J, 
Rosamwald. Among the 13 apwrial exhiblviona bald during the year 
W'qrD a miin!»r relating to war suhjecl-B. More than 7S,0(K) people 
iittimdtKl the various programa conducted by the Gallery's educational 
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depnrtnieiU; these included GuUcTy loutii, discufe'ions of the “PicluTs 
of the Week,’' uftd lectures on spednl topioa, 
i^'athnal CoS^ettmi. of Fim Jr/A.— The ennusl meeting of the 
Smithsnniiin Art Commission wns ngatn omitted bocaTtse of war con* 
d iti one. The Commission hfflt one member by drath“Df. Ftnlerick P. 
Eieppet, ft member since 193S. Four miniatures were acquired through 
the CftUmrinc Wuldea Alyer fuml. Several proffered gifts of art 
works are being held for adiem of the Art Cowimissioii at its next 
meeting. A number of pamtingi? and oUiur art trorks have been ac* 
ceptod by tlie Xatioiud C^rllectioii as loans^ otJtex paintings and 
uiiniatiires belonging to tlie Cbllection have been tent to museums and 
art galleries, mostly for special exhibitiona. Only one painting was 
purchased from the Henry Ward Banger fund, "Fifteenth Century 
French Madonna and Child," by Harry W. Wutrous* Eight special 
ealubitiona were held during tlie year, as follows; Oil paiiituigu end 
<ither art works by C-eferino Falencta, of ilexicoj water colors of 
Mexico by Walter IJ, Swan, of Omaha, Nebr,; miniatures by 52 artiste 
of the Penn^lvania Society of Miniutura Painters; water culora and 
block prints by Knlpb Ayery, United States Navy; paintings by 
Jolin Mix Suudey, Jane C. Stanley, and Alico Stanley Acbesnu; paint¬ 
ing and uihcr art works by the Xalional League of American Pun 
Women; ‘‘Porlraits of Leading Amorican Megro Citiwns," by Mrs. 
Laiirii Wieeler "tVaring, of Pliilsdviphia, and Mrs, Betsy Oravco 
Beyneau, of Waaliington; and mural paintings from tbe caven of 
India and other paintings of India by Sarkis Katcliadourian, of Xsw 
York City. 

Freer OuUsr^ of Art .— Additions to the collections included Citinesa 
broti2Gs, ccramiea, jade, and puinliiig; Japoneise lacquer and painting; 
anti one Armenian mnniiscripL Much of tUo time of the staff was ilc- 
vottid to war work for acveni] Government agencien, including tfap- 
anese tranaiations, compilation of a glossary of Cliineee geographical 
and tt>pogrfthpical terms, and tiro examination of Japanei* documettta. 
The Director nftended a uicctitig in Xew York of the Committee of 
the American Council of Leame<l Societies on Protection of Cultural 
Tresaures in War Areas, Vkitors to the Giillerj' totaled A9,lti2 for 
the year, Fifteert grmtpa received insiruction by staff members. 

Hurt«u of dnxWeon F/AnoJoyy.^EmphasU on actlvitiea coitcemerl 
with Latin America lins cnidlnncd during the year. Dr, M. W. 
Stirling, Chief of the Buraau, directed the .Sixth Natiunal Geographic 
Society-SmitKwnian IruititutiDn aapeditiou to Mexico, locating set' 
enl new aixhcMilogical idtcss in southern Veracruz, Tabasco, and 
Campeche. Dr, J. R, Swanton read the proof of his extonsivo work 
on ^Tlie Indians of tlio Soulhaafiiem United States,” and completed 
a monnKcrlpt on the much disctiEfed Norse expeditions to America. 
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Dr. Swaaton retired %i itw tnd of thr year after 44 yrai'S of sorrict. 
In continuation of hia studies of litdtaa ianguages. Dr. J. P. Harring- 
ton diBCorered oTideuco ttiftt tLfl two iioutli American laoguiiges 
Qaectua and Aymara are rcioied to the Hnlcaji ol western Jfortii 
Americ&v tlw first timo a linguistic relntiosiship lietween KortJi and 
South Aniericji line been iiidicalcd. Dr. F. H. 11* Roberts, Jr., in¬ 
vestigated t pFclustoric Didtun Ijiirial naar Abiknii, Tea., his studies 
indicating that the liuHal was made about 10,000 yours ago. Dr* 
Itoborts also assembled and edited n maniiui, “Survival oil Land and 
Sec,’* wbicb was prepared for the Ifavy by fhe Elhnugeogniptuc 
Boi^ ami the stad of the .Smithsonian institution. Dr, J. H, 
Steward continued 'vork on Ibo Haiulbook of South American Indiana 
He wa-s appointed Diredor of ihe Inelituto of Social Anthropolojry, 
an autonomous unit of the Bureau reporting to to Secretaty, on 
SeptcmlMir i, 1043, Dr. Alfre<l MiStraux, of the Bureau stafl, was ap¬ 
pointed .Assistant Ditoclor of the above Institute on September 18, 
19-Ll* Dr. H. B. ColliiiH, Jr„ served fis Assistant Director of the 
Etlmogeogniphic Board, conducting researches connected with 
regional and other informBtion retjuestetl by the Army, Navy, and 
war agencies- Dr. W, N, Fenton served as research associate of the 
Board and participalcd in a survey of nixn and language teaching 
in the Army Speeialiied Training Program and the Civil Afiaiti! 
*^rrajuing ."Schools in American umvcrsitiis arul colleges. Dr, H. 0. 
Barnett, who joined the Bureau staff in Dccwubct 1943, wrvtd a# 
mccoutive secretary of a committee formed under the aponsorahip of 
tJie Ethnogeograpbic Board for the purpise of assembling data upon 
the existing state of our scientific knowledge of to Pacific island area. 
Miss Frances Deniim<iP(n, a tjollidMinttor of tliu Bureau compieled a 
manUGcript on “Omaha Mnsie.*^ Tho Bureau published its Annual 
Report and six BulluLum during the yeor, 

/ntrrwofiVnfl/ A'iTc/icoij^M.—-The IntcTijational Exchange Servioa 
acta as tile oflldal agency of the Duited Jitates Oovemment for the 
mterchangn of governmental and Ecieiitific publicationa between this 
country and nil otlior coimirioa, TIio total number of imckagea of 
finch rnaterial handled during (Jm fiscal year was 40T.7f>4, wdgbing 
S43,180 pounda. Shipments to foreign countriia continued to bo 
gtaatlv eurLailitl by war conditions. All count,nes in t.hc ^\e3iern 
Hemi,'’phert! receiveti shipments ns iisiial, but in the Eiistprn Hcmi- 
Bjiherc, to uidy countries to which sbipmflnts could bo made were 
iTreat Britain mid Nortliem Indund, Portugal, the D. S. S.IL, Union 
of South Africa, India, Australia, and Now Zeaknd* In normal 
times 93 asts of United Statcfl olTicial publieationa an- sent ahcond 
through the Elxcbange Service. At prci>cnt| howevi'r, only 68 acta 
can Im aunt, tlio other 36 sets being hold until after to war. 
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^fational Par/c,—Jii spite of expected diflkultics in 

obtaining food and anppUcse and those reaniting from tnan power 
shortogos. diD Park and the animal collection wore maintained in good 
condition and eontiniicd. to l>o it^ed and appreciated by large ntitnbers 
of viaitom. The total for the year reached l;603^i}, including a large 
proportion of service perw>nn©l. Many reqiiesla for information on 
tiiological problems were received from the Army and Navy and other 
Government agencies, and numerous schonls and medical and Either 
groups came to study the collections. Very few animats cotdil be 
obtained by purchasct but a number of desirable 
received by exdiange and as gifts from Army [personnel and others 
iiilerested in the Park, BirtlL^ and luitchings at the Park totaled 73 
mammals, IBO birds, end iSfi re]>tiles. Lo^ssn liy death included the 
African rhinoceros, tl»e maned wolf, and other animals, birds, and 
reptiles, including a Inigo python thaf measured well over 25 feet 
in length and woighod 305 pounds. At the close of tha year the ool^ 
lection totaled 2.523 animals representing 3116 species and subspecies, 

AxfropAyst^ In tlie division of nstrophysical re¬ 

search, secret war resoardi problems ooenpied most of the lime of two 
members of tl» staff; the other memliers were engaged in reducing 
utnl determining lbe statistical correclion for ihu aolar-conatanl work 
of the three ^Smitlisonian observitig fitations at MonteatumN, Chile, 
Table MonnTain. Calif., and Tyrone, N. Mox., since 1039. Meet of 
the Director's work con^ted in the study of solar-constant variation 
and associated solar changes in ccimection with tlur wentber, reaiiKtng 
in the publication of a pajier entitlod ** Weather Predet cm lined by 
Solar Variation.” As uuitenal weather conditions arc expected dur- 
ing the coming year following a predicted depmsion of tho colar con¬ 
stant, every effort was made lo keep the three observing stations in 
operation. In sptlo of manpower shortages, this was accomplished 
by tlie as^istonco of the wives of the fiehl dlmtora in observing and 
computing. In the division of rndintinn and orgniiiBina, the staff 
was occupied mainly widi war researeh projecta. 

TltB EXI'ARhtRllllirNl' 

Tlie Smithsonian Institution was created by act of Guigress in 
1540, acconlitig to tha tei'ina of tlie will of James SmiLlison, of Eng¬ 
land. wliq in 1820 Uafueathed hts properly to tho 'Dulled Slates of 
America 'To foutid nt Waeluiigton, under the name of tlie Sinitlisoiiian 
Institution, an ratnblieliment for the increase and diffusion of knowl¬ 
edge amoug men," In receiving the prapetly and accapting the trust. 
Congress determined tlmt the Federal Government was without 
auUiority to ndministcr tiie trust dinic:) ly, and, tljerefore, oonstituterl 
Bu ‘^eatablLidimont'' whose statutory members are *Tha Preiident, the 
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Vice President, ilie Ciiief Justice, and tlie heads of the executive 
dc^iartmenta." 

Ttte iiiisjiu OF aisoENTa 

The Board «aiffered tlie loss by deatli of one member^ Senator Oiarlea 
1* JlcXaty, of Ort'goii, who died on Februiirj’ £5,1W4. He Lad Borved 
ns a Senaiurial regent since January £3,1939« 

Tl» roll of regents during the tbcal year iroa os lollowfl; Harliui 
F. Stone, Cliief Juslice of the United States, CLaticellor j Henry A. 
Wallace, Vice President of tJie United Statesi imaubera from iLo 
Senate—Albflii W. BarUey, Bennett Chnmp Clark; mornhers from 
tbs House of Kopreaentatives—Clarence Cannon, Foster Steariia, Ed¬ 
ward E. C 4 »s; citiznn nionibet*—Frederic A, Delano, Washington, 
U. C,; Uidand S- Moiria, Pennsylvania; Harvey K. Davis, New Jersey; 
Artliiir H. Compton, DUnois; Vatinevar Bush, Washington, D* C.; and 
Frederic C. Wnicott, Connecticut, 

Proceedinfff^Th^ onnual meeUng of the Board of Begente was held 
on January 14, IMI The regents present were Chief J uetiee Harlan 
F. Stone, Chancellor; Vice President Henry A. Walbcet Repre^nta- 
lives Clarence Cannon, Foster SteamE, and Edward E, Gox; citix^ 
regents Frederic A, llelano, Roland §► lloiris, Harvey N, Davis, 
Arthur H, Compton, and Vannevar Biisli; and llie Secretary, Dr. 
Charlca G. Abbot- 

Tlie Secretary pressiited his atiniuil re^KJit covering the activit™ 
of the parent Institution and of the sevenil Govertitnent branches, 
and including the fluancial rB|Kjrt of the executive comniitlee, for tlie 
ihcal year ended June ao, l&i3, which was acceplwi by the Board. 
'Hie usual rcwhition aiithoriziiig the wcponiijturo by the Sccretiiry 
of tlw ificcsne nf tlie Insnlitution for the fiscal yeur ending Jntie 30, 
1045. was adopted by the Board. 

'file Secretaiy stated that in older that the employees paid from 
SmitlkSonUn funds might sliare the samtf liberalized roliretnent ad* 
vatUagea on the Govertuuont-javid employee in the InEtitution, ii bill 
covering this matter 1568) had been introduced by ^nator Bark- 
lev and referrttd to the Senate Committee on the Civil Sernco. 

Owing to the exigencies of wartime trawl, the wnuat meeting of 
the Smithsonian Art CommiBsion, usually held in December, was 
again omitted. 

TliM Board formally ratified certain resolutioTis adopted by a mail 
vote aiitltorlzing llie Siscreiary to OMcuto an indenture dated March 
31, im, by Samuel H. Kn'aa and the Stunusl H. Kress Foundauon 
modifying and amending an indenture dated June £B, 1U30'| by iho 
same parties, ami further authorizitig the Secrelary to accept the 
offer of additlonml art objects by tliese partioa for the ooUcetiotw of 
the National Gallery of Art. 
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A resolution tros oduptcd providing for iJte eppointment of oom- 
mitteos to luindle matters connected with the proposed celebncion 
in IPlG of the centeunry of the founding of tJte Institution* 

In bis special rejMrt tlie Secretary outlined to the regents some 
of the more important wartime activities carried on by the Institution 
and its several branches. 


P1XAKCG6 

A statement on finances will be foutiil in the report of the execu« 
dve committee of the Hoard of Itegents, page 110, 

TtVEI^a AITTBUB UfCTURC 

Dnder the terms of the will of tlio late James Arthur, of Kew 
Tnrlc, tl)o Smithsonian Institution received in lOSi a fund, port of 
the income from which should Lo used for on ann ii g l lecture on 
aspect of the science of the sun, 

Tlis twelfUi Arthur lectitte was given by Secretary C, G* Abbot 
on February ii), ltP44, under the title *^Solar Variation and Weather,’* 
The lecture will be published with iUusLraliona in the Report of the 
Smithsonian Institution fox 1044, 

The li previous Arthur lectures hove been as follows: 

L Tbe OetopoNUloa nt tUv Bun, by Hetity Korrls RasBOlJ, jimfemor of 

Mtrotuwiy ul Prliumpu UiUveistiy. Januufy Sfi, lUiO. 

It GrafliailDn lii tbs Siilar Syetcio, Emiat WllJIttm Browa. ptotesor 
fiff {uaibEiuaiJcs ai fnie Uolviiniity. Jnciuury 25, lOSS. 
n. Bow Uie Son Warms tbe Kartb, lir C3iartiis G, Altboi, SoCMtary of tbe 
BtalitiMiaiatj lu*iUui)tiii, lr,4imDiy2fit 
4. 'The ttuii'H Plioe amons ilie ftturv, by Walter 8. Ailnisit, dliwtra' of 
the Uputit Wllsuu Otneiratory^ lXvaiilM>r 18, UI84. 

6. Sun Bnyit adO I’tant LtCo W Enrl S, Jelotstoo, Assistant director of 

Uip dtrttton of mdlntion pud untaiitsius, SniltbMblaa lostitotloq. 
Frtiitiary 2,7, ItldO, 

tt. DibcovrHm frtuti lydlpps Capcdltlous, by gamnrJ .VKrwJ 5Ittrbr1l, di¬ 
rector of tbe Leandcr ML>Ci>rmlck Oboervatuir. Calvurslij of Ylr- 
alnlp. February ft 1037, 

7, Tbs Sail nod ilin Atutasiittcre', by Hsrlpp True Btelvon, roKaTCb esao 

clAie. SlujundnnwitJi Ijistltiite of TiKhaoIrtuy. FVbrttury 24. lUSS. 

8 Bun Worstdp, by tlerburt J. Sfihiilpu, cantor of AoufriCAQ Inilluti Art 
and rrJjnlrlTe Coltiireh hreoklyii MOBcunia Fvbruiuy 21. IScia. 

0. ffolDr Fromlmrareu lu MpUoih by Robert B. Uclklatb, dliecior of the 
McVlAtli-ltulliert Obserratory of ibc Vntrcralty of aiiditKPA. Jaku* 
ary lU, 1040 

10. BlolojElcAl EITisctf of Solar BAiUuttou ao Ulabtir Atilmnls and Man, by 

Brtdii G'Brlen, t»rofeMor of Plnvloloclcal Optica, Biiltenilty vt 
Rpclicvtcr. Fvbnioty 28 IfHl. 

11. TbP Sun and ibr Eurth'a Mactictlc Weld, by Jebn A, FteojiDR. Depart- 

munt of Tvrtmrlol Uasn«lt«in, 0»ni«Kte InatlmttfTQ of WusblRKton. 
Februaiy 28 1042. 



EEPOKT OF THE ^CIUTTAHV 


11 


fUBiac^noNs 

Tlie Institution’s publication program bus again emphasized ma-'' 
teriol pertaining to die trar or to Latin America (is it part oi its 
endeavor to every phase of its activities serve a useful wartime 
purpose. 

llie papers in the scries Stnitlisonian War Background Studies 
eonlinuifd to be in great demnndt ijarticnlarly from Amty and Xavy 
organizations and peraonnel. Seven numbera were issued during the 
year—Nos. 15 to 16—and No. 20, on China, ajipcared soon after the 
close of I lie year. A list of these, ns well as other pnblications of the 
year, will be found in app«udis 10. The demand for tlie War Back¬ 
ground papem i:ontiiuied to increo-qe until it became neccosary to make 
H charge for copies requested by civil in ns and for large lots of copies 
ordered by service organizations, while continuing the free service 
dlstribniion of single copira and email lots, Soon after the ctoee of the 
year the total number of copies of Noe. 1-20 primed by the Institution 
had reached 205/tOCl, and 2n,o2!> additional copies have been ordered 
for the Army and Kavy, a grand botul of nearly half a million books. 

A pocket'Si so field coUt'ctors’ tnonttal was publlohcd o'itU the aim 
of providing a wortlt-wlnle activity for service poraotmcl stationed in 
areas not. nctually in the fighting conea. The manual gives detailed 
directions for preparing, prosorriiig, and packing specimens of 
animals, plants, and minerals. This Iswit also is given free to servn» 
personnel and sold to civilians. 

Tn tlio Miscclionoous Collections series, a |»per intended chiefly 
for the use of mwlical ofllcws was issuwl under the title *TTie Feeding 
Apparatus of Biting and Disease-carrying FUiJSt A Wurtinie Con- 
trihution to Metlical Eniomolnjiy,” by R. E. Snodgrass, Several 
hundrcil copies were made avniloble to Army amt X«vy medtea] per- 
flonnel. Also for use in connectiou witli wartime medical problems 
in the Pacific theater, it wrs necessary to reprint an edition of a 
previouB paper, “MoDuacan Intermediate Hosts of the Asiatic Blood 
Fluke, .ScAuritO/toftwr/aponb’utn, anti Spedes ConfuMsd with Tlicm"by 
Paul Barts(Ji, 

Many papers in all series of Smithsonian publications dealt with 
studies in biology and anthropology of the other American rcpubUca, 
as a part of the Government's prograsu of improving colturnl reta- 
ttous between the Americas. In the Miscellaneous Collections a sur¬ 
vey of mcisling archeological knowledge of ihe iVndean region ap¬ 
peared under the title “Crom Suctions of New World Prehistory; A 
Brief Report on the Work of (he Institute of Andean Research, 1641- 
11H2 ” hy William Duncan Strong, Tlie Smithsonian Ajiniuit Report 
included a oomprehensiTe paper on. the and Prisent Status of 
the Marine ^tammahi of ^uth America and the West Indies,** by 
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BemiagtOD Kellogg, KfilJonal Ifioieum publications included a num¬ 
ber of Prooeedings papers on various pUsses of biology In lAtin 
America and a BTilletin entitled ‘*CtuK;ldtst of llio ColeopLcrous In- 
secto of Mexico, Cetitml Amerira, die West Indies, and Soutb. ,:Vmer- 
ica,* ports 1 and S, by Ricbard E. DInckiaelder, Tills last will bb an 
eiacntial tool for all future entomological work in lAttin AmoHca. 
In die series Contributions from the United States National Her¬ 
barium appeared “Taxonomic Studies of Tropical American Plants,'* 
by C. V. Blurtan. The Bureau of American Etlmology published four 
Bulletins on the arrheology of Mexico, among diem one entitled *‘Stone 
Monuincots <if Soutberti Mexico,” by MatUiew W. Stirling. 

Tlte total number of publications issued during the year was 
67, and lT2tOS7 copies of the vUTiods series were distributed. 

UBRART 

Tlie Smithsonian libraiy has been iocrcusmgly used by the Army, 
Navy, and war agencies. In the Museum branch Ubmry alone, l@0 
requests for infonuation from tlit^so sources were recorded. Tlie 
btaiich libraries of die Bureau of Ammeon Ethnulog}' and the Astro- 
physical Observatoiy were also iroqiiently called upon, and the 
stii^ of the Elhiiogeograpiiic Board used all the bramdi libraries in 
seoTch of material needed to aid the armed services and “i^nr agencies. 
Through the Ubrary of Congress, the Smithsonian library is co- 
o{>erating with the American Library Association in cotlecting material 
to aid libraries in war areas. Tlie gradual decline in tfie receipt of 
publications fmm abroad lum continued, but domestic scientific aeries 
showcfl very little decline. Changes In library procedure shortened 
the interval between the receipt of new publiratiomi anti ihelr nvnit- 
abtlity for use. Statistics of the activities show Ittt new 

exchanges arranged, 4,422 “wants” ixceivcid, 6,673 volumDS and pam¬ 
phlets cataloged, 11,800 books and periodicals loaned, and 1,683 vol¬ 
umes sent to the hindeiy. 

Bespectfuliy Guiunilt^. 


C. G. Aimor, Secretary. 


APPENDIX 1 

KEPORT ON THE UNITED STATES NATIONAL IfUSEUM 


Su: 1 Itare tJbfi htinor to aubaJt tho following roport on the can* 
ditiun and operation of tho NaUonaL Museum for the Sscol j'eor 
ended June 3D, 194L 

Appropriations for the tnatntcnenoe and apention of the Kationol 
Museum for tlie year totaled which was $37,368' more Uutn 

for the previous year. 


THi mrsEnsi iK WAtatHJi 

Visitors duiing tlie year numbered l,93S,T6ti, nn iiicreoso of 177,486 
over chose of tile previous fiscal year; approximately 40 percent of 
aU visitors were men. and wumen in uniform. 

Altimugb tiie possibiljty of enemy attach on Washington become 
steadily ices, measures for oafeguai'd of viaiior£i,coitccttons,aRd fauild- 
inps were oontiuuod in force. The air-raid defense urgunUation re¬ 
mained In operation under the direelion of tlie general defense co* 
ordinator, F. M. SeiEler, head cm'ator of anthropology. CoUoctions 
removed fnmj the buildings us a precaution against eneiny attack 
wero inspecied regularly, and careful guard was maiutoined over 
tlium, 

Atki result of a rccouuneiidatiou by the Smitlnionian War CoiumiUee 
a free guide service through the National Museum for members uf 
tho armed forces nos arranged through the U. S. O, groupe of Wash¬ 
ington. Under the direction of F, it Settlor a jwuie was eatab- 
lislied within the Namrat History building and a script was pm- 
[>arcd describing tlie exhibits aelectod for Uie tour. Clas^ for in¬ 
structing the volunteer ho^tesscft were held on Sunday aftemooTia 
from .August 3S to tX'toher IT. liUS, and during Februaiy 1944. On 
October 2i the first U. S. O. guide service for men and women in 
uniform was inaugurated. Tours were conducted cuch Sunday at 
IS-tnlnute intcr^'als from 11 a. m. to 3:30 p. m. Each tour mjitired 
approximately 4B muiutcs. From October 24 , 1943, (o June 2JV, 1044, 
military visiuire were esiajrted through tlw building. Credit 
for the success of tins service is due to the excellent cooperation of 
U- S, O, iHtadquarters, to the chairman and head receptionist. Miss 
Margaret Bled^^and to other U. S. O, h06tesses. 
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It«qucsLa for iiiformation from tlio Tarious war agoncics continued 
to come to tlio Rtufl diiritig the year, and uumerouB war Bcrricca 
were rendered by most of ilio Jaborstortes and by many individuals 
on the staff. 

Dr. Bemington Kellogg, cunttrr of rRammuls, «erved as diairman 
of the Anieriran delegation at the International Conference on the 
Beguiation of Wlialing in Xjondon during January 1044. At tlie 
request of the National BcsitarcU Council^ Dr. Kellogg prepared text« 
keys, distribution maps, aud illustrallons of monkeys known to be 
auereptible tu infection by malarial parasites to aid in studies of 
malaria in nuun Other tiervices provided by the ptirsoiuidi of tbe 
division of mammals to officers of sitccial Army and Xavy tmiis 
and utber agencies concerned with tlie war included the furnishing of 
informatiuD relative to the distribution and identification of niain- 
nufta involved in tlio tratismtssion of diseases. Herbert G. Deignan, 
assttciate curator of birds^ assti^ted in on maps and on googiaphic 

names of tbe Far Eit.'.t and in a compilation of literature dealing witii 
parts of that arva. Dr. Doris Cocbmnf as^iute curator of topliled 
and amphibians, ag.^sted the Surgeon Generars Office in the prepara¬ 
tion of lists of Asiatic reptiles. Personnel of the division of fUhes 
furnished information in response to numerous inquiries relative to 
dangerous, poisonous, and useful fidtes, methods of Gshiiig. sound- 
malditg lislive, and emergency fishin g equipment. Jiany identifica- 
tiouK were made in the division of insectsj particularly of mosquitoes, 
mites, and ectoparasites, and information was supplied on the habits of 
these forms, at the request of the Army and Xavy. About 
sj>ecimens of insects and Acarina were specially mounted on pins and 
approximately 4&0 slide mounts were made for use In Army and Navy 
training centei's tbrougliout the eounin* in training programs in 
which health problems are involved. Iti addition, nearly 2W officers 
assigned to malaria survey or control units, or to similar actirltiutt, 
received instructions or other help from personnel of tha division, and 
information on the disease-bearing insects of specific foreign areas 
was furnished the Division of Medical Intelligence of the Surgeon 
General's Office. At the request of the National Bcsearch Conndl, 
Dr. Paul BarUch, eurator of molluoks;, iorved as a member of a com* 
miitee clmrged wKh the preparation of a list of helminth parasites of 
the Southwest Pacifie and their internipdiate hosta Dr. E. H. Walker, 
OBsistatit curator of planto. preimred an account of the emergency 
food plants of the Tropics. Paul S. Conger, asmeiate curator of tlie 
section of diatoms, studied aimplesof material involved in the fouling 
of siiips, tnloos, and uLiter marine structures. He likewise preparett a 
bibliognplty of literature conceruing the value of plankton as food. 
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Services of the defiartmcnt of anthropology dealt with a wide variety 
of subjects Telflting to |x!oplo tn the Caribbean istnnds, Piwific and 
Indoncsutn areus, Oeeimijiif Mlcronesiot Burma, J&pan, China, the 
Philippine I anile, Central America, Europe, luid Africa. The in¬ 
form iit ion fumbhiti included suggestions for Tropical and Arctic 
vlmhing, and ftiotgear for aviniors, water supply, population, primi¬ 
tive weapons, house types, degree of western itiBiionce, physical char- 
ncteristics, and leather products. Ihe eoUGctions oi tile division we« 
used in a study of the resources of paiticiilar strategic geographical 
areas with a view to cotifiervatioti of dttpping space. Dr. T. Date 
Stewart waa granteil a fi-monlh furlough to teach anui.omy to Army 
and Navy medical students at the Wasltiiigton 'Oniversity School of 
Medicine in St, Louie, Mou Dr. Wnldo R. Wedcl, assoeiate curntor 
of archeology, wa@ deioilsd for spccinl services to ihe bfiUtnry Plan¬ 
ning Oideion, Office of the Quartermaster General, IVar Deportment, 
from September HMS to March 1044. Tite division of physical 
anthropology supplied fho Oflice of Strategic Services with photo¬ 
graphs of various eastern physical types. It also supplied detailed 
(Ittta on average laxiy weights of Europeans and various peoples of 
the Far Ejujt to the Office of the Quartermaster GcncraL 

In tliB deportment of gcolngy, two jiirtiibera of the staff, in coopora- 
tion with the Geological Institute of Mciico. hflvti continued fcld 
id tidies in the economic geology of that cnuiitry as a part of the war 
effort.. Curator W. F. Foshag spent rJie year on detail from the 
Museum in a oontinuatioii of llie supervision of survej'B for Blratogic 
minerals in MeKioo. l>r. G. A.‘ Cooper, sittillarly, spent 3 months in 
tlie field in Sonora concluding studies !»g«n lost year on the stratified 
rocks. The results, 60(in to he published, will be useful in the location 
of new ininernl ureas. Dr, Cooper also concluded field wnrk on the 
project dciiiing with tho stibsurfflcc geology of the Dovoninn ri«ts 
of lUinois, obtaining information for use in the oil devclopmont of 
tliat and notghboring' States. 

Menilwra of the geological staff in the homo office have been more 
occupied than over before in furnishing infortnation to tJia varioiti 
war agentjM. These services Slave included siidi diveriie items os the 
preparation of analyais, assisting in selecting and grading caicUo for 
tho War Production and other Boards, editing a adentific volume for 
un allied country, and furnishing mfonnation of all binds to an ever- 
increasing (ittmlier of sorviije men and womoti visiting the Museitm. 

Other serviMs, eift|h!cinUy from tUo department of cngimuiring and 
industries, have jnelcded the following: 

Construction of fwo demonstrafion mo<Jela of now nrdnanco devices 
for tile National Inventors* Ctiwncil: transfer of a wries of model 
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blindings to thu War Dt^partmcnt., Corpn of Engmeera, Ciunoiiflage 
Section; infontuition on revoLring airfoils to tlio Tcclmknl Data 
I^bomto)^, Wright Field, Uayton, Oliio; furnishing photo^phs 
for Navy training filtnst identilication of wooda; alsoinfomatiuTi on 
properties lUid uses of "woods for Kiivy Depaitmont, W'ar PrwJuctlc® 
Board, Foreign Economic Adminijiirndon, and Iiitcr*American Dll’ 
velopment Commission; methods of preser^-ing specimens of dehy* 
drated foods fur War Food Administration; ndTioe on Uls|Kiffltioii 
of liitmp produced in Kentucky to Conunotlity Credit Corporation; 
fisf^etatiee in drawing iif> contract specifications involving a true lock' 
stitch in sewing safety seams, to Unitet! State® htaritime Commisiiion; 
amitahilily of palmyra filwr aa a suhalitute for rattan for stiff brushes 
to the Navy Department; and aid in tlia ttuining of document in> 
specters of FodaraJ Bureau of Invesiigatioii in idantification of various 
printing proc?eBS8a. 

CtHiLEOnOSiS 

Accessions for the year numbered 1,151* sepamto Jots, tntalmg 
2Sli,€40 specimens. This was an increaso over those recci^Td last year 
of 0,400 specimens, but a decraasa of IS in the number of accosBiDna. 
Specimens were accefiaioned by tTio five ilepactmenta as follows; An* 
thropology, 85S; biology, 221^,54S; geology, 3,40^6; engineering ami 
industries, 1,388; liietoty, 4^3^. Most of the accessions were gifti 
from indiridiinls or specimens transferred from other Government 
tgvnrJes. The mare important of these ere aummarused below. 
Catalog entries in all departments now total 18,0(18,775. 

AnthrCfolo ^.—Tlie division uf nrdiectogy received an important 
gift of 115 lota of potsherds and other matarials from t'arlmis Indian 
ailes, many of which are on or near the presumed route of De Soto's 
ejcjMtdition of lii3&'42 through the Bontheasteni United States. Two 
gold'iind'Silver book ends, refiectiug the Tiahuanaenu style of arelit' 
lecture and eculpturc, were presented by Vice President Henry A, 
Wallace, who received them as gifts from the Chamber of Commerce 
in Bolivia, on the occasion of his visit to La PaSi Hie diviaion of 
ethnology was presented wlili a ducumested collection (150 sped- 
metiK) perlatniiig to tlie Ifnichot Iridiana of northern JalUoo. Two 
other Smpoitaiit collwtiot« received by Uic divUion were £6 oil por¬ 
traits of Xavaho. Apache, and Pueblo tndiaiis of Arizona and New 
Mexico, painted by Car) Moon, and an mocmblage of excellent ex* 
amplcs of Moro and Indonesian broGses and Philippine metalwork, 
which Itud been presented to the late President and hfra. William 
Howatd Taft, during their residence in the Flulippinesi. 

Jfo/opy,—Tlw largest single coDoction received by the divisinn of 
mammals in the past S5 years consisted of abriut 2,400 spe<‘imeiui from 
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Colombia, colliioted by Philip HorshkoviLz during his tonune of tha 
WaLior Bathbona Bacon TruvoliDg Scholarship of tlie StuithsoniaTi 
luatiUiLioa. From th« PMj and WilLllife Scrvico cfune by transfer 
Uio yoar'a second-lorg&at itminm^tiin'i accession, muTninalfl from 
various h'ortli Atucrkoii locaJiiios. A beaked whale loetiui, alxiut 7 
feet long, thv^ largest iu the National coUections, in also notable. 

As in the division of mamiuulij, the Lirgeat acceysiou of the year 
to the division of birds come from Colombia. Tbb colioction coni' 
prised U,2S1 specliuens, sufficient to giro the Museum u reasonably 
complete cep resen latiou of the bird life of noriliesstent Colombia. 
A smaller avion collection, 8A epocimeos, also from Columbia, repEs- 
sents localities not included in the larger coUoctinn hrst mualioOGd. 
Another coUect iou included SO species of birds hitherto unrepresauted 
in die study series. 

As a result of excliangcs with other institutions, fisveral apecitti 
of reptiles and amphibians hitherto unrepresented or poorly repre* 
sented in the Museum have Emen added to the colloctimiis. Siiecimens 
from tho Great Stnuky Mountains National Park, Jamaica, and Hoii' 
duna were received, and flU turtles, UzurOs, snakes, and frogs were 
vontribuUid by Philip Heralikovita, throu^ the Walter Ealhbone 
Bncon Traveling Sclmlarship. 

Exchanges cousuinnuitod during the year brought much valuable 
material, itvcluding 321 cocypes, to the diviston of fishes, i^tnaller 
Ichtltyological collections, received as gifts, also included type ma¬ 
terial and some spceltnens fi’om type localities not previously repre- 
eeiilod in the National collections. 

The vital and significant- role played by entomology ami antoniul- 
ogists in the war is reilected In the host of mosquitoes and mosquito 
larvae I’eceivecl from liie sanitary and medical corps of the armed 
forces—more than lOjMXl Epecimens, About GT;;000 bees, botterfii^ 
and insects, incinding some hulotype and panitypc material, came os 
gifts and by Incnafer from oilier Government departments. 

Seven of the ycar'E aoct^oua in the diviaiou of marine invertebrates 
inchulcd type material. Elspeciaily noteworthy is Llm fact that dur¬ 
ing the post year seven acceestons, totaling 2,3^ spocitiums, many of 
them rare, were collected and donated to tlm Museum by men in tiie 
iiriiied forces. 

The collection ol Mexican land shells in the dirisinn of mollnsks 
was materially eiduinced by three gi fU, totaling 1,400 specimena. The 
largest kuov?n angle collection of Jamaican re])refientativcs gl (ho 
mollnscan family Neritidae, conststing of 01,OO(} specuuems and lo- 
companying 8A0 microscopic slides, came ts i gift. 

Severn 1 valuahle aocessiona in the form of types and cotyiJCst came 
to the helminthological ooUectiona m gifts. Tlieae included specie of 
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tli6 genflrt Oahot&i'enalla, €hoUd<tcy*tvai Choricotyl*, DiphyltQbt^h- 
tium, S(ma»i0>n^ (/yoloc^tj/lA, 4md /fai7/£oftndi. 

Among the 6tf twJiiiiodcniia acc£^on€cl were 0 undescribed specie^ 
C paratopes «f now uj^iui ans^ wid ‘i luteresting iiluwrtiuU starlMiefl. 

OutAUnding aiiiaiig the 36^4U pkiit^i rou^lved during Lbe jr'cor was 
the Checkering hcibariutn of appruiimatoly bpocimens. Thi$ 

kerborium, formed by the lato John White Chiekert^, Jr,, is n valu* 
ubie addidon as it includis instorial of historical iin|H>rtance from 
vollections not at all or scantily roprcsented previously. Also in- 
duded are nuinaruus specimens from the District of Columbia, of 
which many were collected bi plant habitate now destroyed. Most 
of the smaller collections received came from Soutir American or 
West Indian iocalitips. Of special imporianoo nmoitg diese were 
about 2,000 spocunnng of bambooa, including an unusually good ropn- 
eentatictn of vegetative structures important to tho Gold identification 
of the Itamboaa. 

The Albert. Mann diatom collection, consisting of ftiippciiimately 
S,000 slides of nionuted apeci)ncn.<{, more tiiau 1U,000 aamples of crude 
diatom material, and over 200 negatives and 300 lantern slides, tmns, 
ferred fnim the Carnegie Institution of Washington, was formally 
accessioned iluring tho ycur. In combination with the other material 
this makes tlie Museum collection of diatoms one of the most im- 
])ortant in tlie world, 

Cftdloffi/j—Uviomo frf>m the Rfwblirig fund, provided for the pur* 
ebaso of important gems uiid miiicraJs, was to procurv 31 gtyn 
stones of rare quality and high eiihibitioii value and 2 mineral acces' 
siouB, consisting of 4 unusually ffwmtfd quart* rnrsiuls and fi trans¬ 
parent colorless flcheolitvs. A beautiful pink llm*ilian topaa of 34.1 
carats was acquired through the Frances Lea Chambe-rhin fund, and 
tho Canfield endowment fund provided two spociniens of libothenite 
and a eovollite. Several important single aceeseiotrs come as the result 
of die associate curator's efforts to iriUtrest people in making collec¬ 
tions for the Mu&eum. By transfer fniiii anoUier Government de¬ 
partment the divisinn of mineralogy and iwlrology received epecitiuaiB 
of woinschenito (yttrium pUofjpba(e), representing the first occurroiico 
of thift rare mineral in the United States, 

Seven now meteorites were added to the cullectiojii six of them being 
nndeserlbcd falla. 

The largest addUlnu to tbe ore colliiction rouslstsd of a seri% of 
manganese and chromium ores from world-wide foreign deposits. 

The mo^ important new tuaterial received by the division of in- 
vertobrato palennloiogy and paleobotany consisted of ii!)0 y|M.>clmGns of 
rue Paleozoic fossils collected by tlm curator during hie field work 
in northwestern Sonora, Mexico. 
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Plitstvr of typo fossiU today have great sdentific volne, in 
view of the destruction taking place in foreign nniecuma. Such a 
cast., an important English Csrboniferona crinoid, Ihe holotype and 
only spftnmen of wliieh was in the iU^fatoti Brist**) Museum, was 
received as a gift. Nimieroiis types and holntypes of forainmifors, 
bryoaoans, motlnska, echinoids, cephalnpods, and eorala were^^lcoma 
additions to the collection. Iniiiortant among the acquisiLiona of 
specimens of fossil rertebraies was a compoaite skelelon of an eitinct 
antelope, as well as caste of the foHctwing i Complete skull of a curious 
three-honied antelope; type spocimen of a flying reptile; and ^elcton 
of a fare Triassic armored reptile. Hie iclinite collection was en¬ 
riched liy nine slale containing the trails of Piirimjihihiu* d/dactyluf, 
once considcTTfl a vertebmte anunal but now itgarded as a horseaho© 
crab. 

Engineering and ffififiwfrMW —From the standpoints of lii^rical 
merit aiui of popular appeal first honors among the accpiisitions of 
tho year in this department are Ixstowcd upon two automobiles. One 
of theat is a U. S. Army V 4 -ton, 4 s 4 truck, one of tbe first of 02 of 
these vehicles built tn‘ IWO, and the prototype of these vebtclw 
made famous by World War IT. The other is a Wintnn, lOtlS, the 
first automobile to bo driven across the Cnite<l States, a trip that re¬ 
quired 03 days on tlie road. Chitstnoding among the giflt to the 
watercraft collection was an original kerosene-homing brass bulk¬ 
head laiJtem of Urn fiwt S. 9 . Mattretnnm. 1007-37, presented by Presi¬ 
dent Franklin D. KoowveSt. Tlio lantern now etanda in tbe exhibi¬ 
tion case co^ntaining the handsome model of this famous vessel pre¬ 
sented to the Moseiiin by the President ftjveral yeans ago. 

Tlirough Iho Textile Color Card Asociatinn of tbe United States, 
tho toxtiio section received the ninth edition of the Stamlard Color 
Card, with its two puppleraenia. the United -States Arms nnd 9erv- 
iees Color Card and the United States Army Standard Thread Card. 
The Association k supported by tealUe mnnnfactureie and representa¬ 
tive firms of almost eveiy industry uring color. Tlicse firms agree to 
have their products mat^^ the colors included in the official standard 
rard, resulting in a great saving of time to conatiuiers in obtainit^ 
exact shades of colors in nmtBrinls that are to bo used together. This 
standardization ts especially valuable to the United Slates Aims and 
Stwvices. each service having an official color requireraont for Its nni- 
forms, trinunings. badges, and simitar equipmsnt. Tlia Standard 
Thread Oird is fomifthed fay tho Qnnrtcrmaster G^eral’e o^o to 
quarirnmastcr depots and contractors making clothing or equipage 

for tho United State* Army. _ _ _ 

An important accession in the section of chemical industries was 
an exhibit illuatratingtlm chemistry and applicatiana of refined alpha- 


20 ANSUAJ. SePORT mei'lTUtlON, lfl44 

cellulose derived from wood pulp. Since the mililmry Bervices^ re* 
QUt ram cuts for orduence purposes covet" practicBlly ull the umuiil 
production of cotton liutors, the manufacturers of rnyfin found it 
nece^ary to turn to alpha-cell uloso for their raw material. The appli¬ 
cations of the wood-pulp cellulose shown in the exhibit include rayon, 
molded and laminated plastics, cellophane, artihrial leather, rayon 
lira-cord fabric, and electric-arc welding rtkde. 

An interesting addition to the collection of commercial furs was 
a gift from Vice Presidenl Henry A. Wallace of two robes made 
from sLrl])S of vicuna skina. Tlie robes were presented to him by 
\fiw Rosa. Pmdo, daughter of the Prcaident of Perfl, on the occasion 
of Mr. Wallacela good-will tour. 

In the division of metlicine and public health the most valuable 
items were added to the section of plinnnacy. 'Hiesc included n ernn- 
plete exhibit illustrating the manufacture and use of dried blood 
plasTnu now nlTBctivcly employed by our armcfl forces; n series of oh- 
jwta picturing the method of obtaining peiiicitlin, the recently dis¬ 
covered nutacle-perfonuiiig bacteriostatic drug; and a collection out¬ 
lining the Ufa hifltory of Carl Wilhelm Scheele, the internationally 
fninnua apothecary. To tJie history of medicine section was added 
the first portable X-ray machine Imown to have been operated auc- 
cctgfiilty on a hnttleSold, 

The outfrtanding accession in the section of graphic arts was a French 
color print of the eighteenth century, ^Tj^Amant Surpris,'’ by C. M. 
Dei^ourtia after F. ^hall. Tills type of print, the e*tfrm-pf 
is highly prized and much sought after by collectors. BeHCoiirtls 
was ono of tile important, etigravors of tlie period, and it is said that 
“T/Amant Surjiria*' is one of hia masterpieces. Walter Til tie, a well- 
known drypoinl artist, presented the section with 19 examples of his 
work, fiiUowing hra special exhibition in the Mn^eutn. VOKS, Ihe 
Soviet Russian Society for Cultural Relations wifh Foreign Coraitries, 
gave* the pwtion six war posters prodwoed by the hiind-stonoll process. 
No priniitig equipment is noce^^ary tn making posters «F this kind, 
which the Ru s sians have davelopetl to a high degree. Quorrilla artiBls 
have nwtl this methofl extensively in nccirpied territoriiw where tlw 
absence of printing and transportation facUiriea eliminateti other 
methads. 

//Mtorp-—The coUection of cavil, naval, marine, and raitiUry niedahi 
and decorati imp waa Increased by specimeas of several awards of 
these typea efitaliUshed during the preaent war. Among (h«e were 
specimens of the Air Medal, awarded to mamhem of the anned foraea 
of the TTnited States who have dsstinguiEhed themaelvee eincie Sep¬ 
tember 8. L9S9, by meritorious achievement in {light. It is second only 
to the Dlfltinguidied Flying Ooaa. They include aloo specimens of 
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the dcoorstioQfl rtpreasntiiig Uii* fwiir di^igrces of tiio liiBgioii of Mk]ri^ 
uajQddjj Odflf Coiimuu^di±r, Coimitaiidar, Offtctsr, lUid Lvgioiiaiims. 

decoratioius ani for award to th>B pen^irmal of lirtudi forces ol 
thij Uniud Stales and the Philippines^ and of tiie oniM^ forci.^ of 
friendly foraign, natiorts. rtfcipienta must bare di^tingiiislied 

Liuiruselvefi by esceptionaily toisritorioiis coiidixcl in tiie performanoe 
of QOttiiaiiding ^r^ces siuca tbo PresidouLikil pruclatnatiou of enier- 
gejicy, September 8^ 183P, dGeomlLonfl one tlie first to be 

foimded by tins United Stales Governuieni for award io foroigiiers^ 
CXber ispeeimei:kS iUnetrute tlie Mercit4mt Marine Dustuiipii^ied 
ice Medal and the Mariner's Mtidnl. The first of tiieee was esiabikhed 
for award to any porson in iht? American Merritant AlarbiD who on 
or after September 3^ 183^, *4ma distinguistiLd bimself • “ * in 

iho lino uf duty,” Tb^^ second is s%rarded to any 5 ieaman w ho, while 
serving on a eliip during the war period^ b woundodf suffers phyeicai 
injutyi or iiuffers ihruugli dung)eroiis axpo^^uro as iiie result of an act 
of ati enemy of the United States. 

The cohection of uniforms was iiucrea^^ed by the addUiou of several 
United States Army and Uni^ed Stales Military Academy uni forms 
of Uie early part of iho twentieth century. Cnifonus of the typm^ 
woi^n hy Army nui^se^ end ofiicers and members of tlio Woifnm a Am&y 
Corps Were roceivetl front lUo War LfeparunenL. A of German 
atnl Jajijiiieiie im if onus caplurcAi in ludy and the Aleaiiau Lalimdi 
ivas ri*c«ived m a loan from tlin War Ikpiinmeni. 

An iatestc^ting gift to that philabdiu oollection wjts; a sunes of 
Agninaicl<i (Philippine) siampa totaling nmre than 2,000 ^ip^x^imelu. 
A cover fraJiked with a 2H3cnt rad Aguinddo fitamp pofelniatked 
Bataan, the locality fumouB for Lho valiant %ht against the Japanese 
*>t the Amaricaii forces under the leodersliip of Qeu. Douglas Mai> 
.Vrthnr, b jncludetL Aroong the stomps tronfiferrcil by the Post 
Oflioe Dcpamnniit was a fpocial eerier of 12 Unitetl States sL^imps 
comniemornting ilie Buroptatn countries that have been overrun and 
occupied by die Axis rKjwei^AIbanitt, AuiJtria. Belgium, Cstedio- 
idovokia^ Denmark, France, G^^^ece,Lllxcmbourg, Xuneray, The Nelhitr' 
Iiincla, Poland^ imd Yugoslavia. Each sUmp Iwcar^ in color the na¬ 
tional flog of the country concerned, T\ib Soviet Union presented o 
30 kopeck and a 3-rublo stamp sljowhig the Eusaian, BritidL, and 
Ameriuiin flog^ cumtiicmcuiitiiig the recent hi^oric conference al 
Teliron. Among tlie stamps emHnming from enemy countries that 
found their way into the Mtisetim con^titina were 2 Japsiieso ^amps 
eommeniorALiag ilie fall of Bataan Jiud CoTTegidor, 11 Btamps issued 
by tho Japanese jnilitarj^ autliorilies for nso in the oocup^Uon of the 
Dutch ludi^ and 14 varieties of Japatieftc fiteunpB for the army of 
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occupation io the Philippine Ifilnndit. A large number of Gcnn&u 
9tajii|>5 also wore peceived. 

ESFLOItATIQNO AITU fiESOAKCB 

Although field csplorelions for the year were conocmed principally 
with the conduct of llie war, important reseorcli was ofyninplial Mut 
dung many othor col lateral lines. 

An/Aropo?oyy.—During tm assignment aa teacher of anatomy to 
Army and Xavy medical students at Washington Univcratly School 
of ^Idtlicine, St. IjOuis, Mo., studies were carried on by the curator. 
Dr. T. Dale Stewart, on age and ses changes in Iho human skeleton. 
Tbia was possible because the skeletal ouHuctiDiis preserved in the 
university's department of anatomy wtu-e obtained from the die- 
seeling rooms and tUerefuiu were accurately identified. During tbs 
courao of Ibis work Dr. Stewart took the op^rtunity also of studying 
arthritic changes in tlie skeleton. Since aithiitis is closely correlated 
with age, it was hoped that the university’s identified material would 
aid in tho interpretation of tlie condition in the groups in tlie Museum 
collections where exact age U unknown. Li addition to Uia work at 
the univeraity, Dr. Stewart spent some time in etudying Indian akele- 
tona excavated in Dlinoia by Dr. P. F. Titterington. a St. Louia physi¬ 
cian. Two cultural hursxuns are raprescnletl by these Indian re¬ 
mains, tJic IfupeweJl and llie Jeiaey County bluff focus of the Middle 
MifsissippL 

Up to the time of his death on September &, Dr. Ales TfrdTi rk fl 
continued the work of onalyaiiig his data on Uie human tibia. The 
year also saw the publication by the hfuseum of Ult aevpnth and 
lost part of Dr. Hrdli^ka’Ss “Catiitogof Human Ctanta in tlie United 
Stales Xationnl htuseum Cbtlectioua,^ a work on which he had been 
ciigagi-d for many years. The final part covers the non-Eakimo 
people of the Xorthwest Const, Alaska, and Siberia aiul includes 
measurements of all skulls of this provenience deposited in the Na¬ 
tional Museunt as well oa of many supplementaiy ones in varintLs 
Russian institutions, Tiie entire seriea of catalogs presents measure, 
manta of munt than T/tOU non-White crania and has been described 
as constituting ^ne of the most valuable sources of basic anthropo¬ 
metric data in existence.” 

Biologjf, —Under the aiiiipiccs of the Division of Cultural Relations 
of the Department of State. Ellsworth P. Ell lip, associato curator of 
plants, visited Colombia during April, Muy, and June for consulta* 
tions and work in botanical canters in Bogota and CatL In working 
over the MiL^oum".-} South American mulertal, which includes large 
recent coUectiona of plants, as well as a considerable accumulation of 
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iipecjinetis twdviKl for idenli£utitJoti in the past, llr. Kiiltp asscxabtcd 
tnucli vaJueble data for the j>ropaQed **Fli>i'a of Cotombia.^ 

Philip Hoi-slikovit*, hoidijr of the IValter RoiJibone Bacon Schobir- 
sbip for lb4t—1^, rctumetl from CoiojiiLiu ui Oirlober, uiLor an 
of altijoet 3 ytara. Thecollectluu ho amazed forma ihii Jargeet aitigle 
ftiCicpiBion of maaimala roceiveU bj the Mtiseum during iba past S5 
^eaia. 

Utidur ihu W, L. Abbott fund, M. A. Cturiker, Jr., continued 
omiUiolt^tcul held work in Colombia until October. Ea brought to 
the MuseniD the results of two aeaaoua' work, one of the iiiMst collect 
tions of birds that has ercr been made in lLul area. 

Dr. Kemiiigtou Kellngg, eurstor of manmnLla, sorvi^ ns duttnuan 
of the Aiutirioan didegntlun to tlie Intcmaijotuil Couferuitcv on tJve 
Begulation of Whaling hdd in London during January. Ifctwoen 
aeaaions of the oonfercncu he studied at the British Mu^um in prepara¬ 
tion of a report on die reoent jtrjrpoises. Dr. Kellogg spent part of 
September at tha hfuseuiit of Compai'stiTe Zoology cxaniinlnig a coJ- 
lection of cetacean remains from Polk County, Flu. Abm, at the re¬ 
quest of the Katiunal RcsgutcIi Cuujtuil, for die Board for the Co- 
ordination of MoluruU Studies, in callaborntton with Major E. A. 
Ouldnmn of tlis Fiah and Wildlife Serrice, Dr. Kellogg prepared 
llie of a taries of d^i iptive aooouuts of the kinds of mankeje 
tlint may carry niubrial infectiona. 

l*he ctirator of birds. Dr. Harbort Friedmann, wmpteted ]>art 10, 
the gallinaceous birds, of Eidgway'e (Uilinjsbi‘<l nionogra|jb, “The 
Birds of North and Middle .i^jnerica,^ and began the reriskm of his 
own prcviouiiy completed^ manust-ript on lbs falooniform birds, 
Q. 0, Deignnn, a.ssociute curator of birds, complebal bk monograph 
on ‘'Dlo Birds of Nurthom TUaJlaiKl.^ now in press. 

'Hir associate curator of reptiles. Dr, Dork M. Cochran, reports 
further fiubElantial progress in her studies on Semth American &ogs. 
She alFio undfirtoot to expand hor XJopular handbook on ‘^roiaonous 
Reptiles,’' Sumlier 10 of lIib Sniitheonian IVar Background Studi^ 
into a treulise on ^Dangoroua Reptiles,” nonpoLsonotia. rs well ^ poi¬ 
sonous. for tlio general oppcmlia to die SmiUiSGiitan Annual Report 
Dr, Paul Bartsch, curator of moUusks, has worked in close coopera¬ 
tion with a special committee of the National Rc^aich Council, in 
preparing a list of known or suspected molluscan intermctltatc hoeta 
of human parasites. 

In connection with Uie preparation of survivor manuala. Dr. L P. 
SchultXfCurdlorcif SaliMiBml Earl D.Beid,)tcientiric aid,demonatr[iled 
to Rieuibers of (he IT, S. Navy the use of durrig root for securing 
fisli for food in amergenciea. 
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Dr. ^huttz &bo mfitlc noOihle iimgreea with hb studies fin the 
iL^itcDGJvo DiAierial thnt Ld callcctod in Vto^zuelii. linkliing^a report on 
the Clmrttcmldae Aud i^inpleting nmnuGcript tot tlii> inmilics Gymno^ 
lidae, Citfhlidiie, Cyji^rsnbiluiiiiiiAVT Du^yiktidD^^ Twirmlouxidiiu, und 
Cenitropajin<lin^ 

HiO cumtor of Dn R. -1. Cliiipiti, rnudrr fnrtlier pro|;res& 

witJix the mann^cript embodying the results of tiis inTestigntions 
rin the beetle genus Hipp(}damia and continue worh on other section^ 
yf the CoccinellidaB, 

Dr, R. E. Bludtv'olJer^ a$.4ocuito m rut or uf i jutccU, cotitinuing Jiis 
work Oil Bullefin 185 of the Xationiil Museum, **GJieeklbT of Ujd Col- 
eijHptemiis liisw^teof Mexico, C^nt ml Aniericu^ the W^i Indies, and 
Ainerica,^^ siiUfiiitteil the toartiij^ipt fortnirt ft. Purt^ I and 
^vefe iJobllslLeil dui'iug the ynii'i 

Austin K* ('lurk, curator of iichinoderjus* compJeteii part 4 of Bul¬ 
letin 82, “ilonugruph of the Existing Crinoids,'^ except for nsseinbiiiig 
the platen, lie ubn publiiUhfMj **Iceland utnl Oreeiilaiid^*^ I he llfleeiilh 
of the Siiiitlistuiinji s War Ihickgi'cmnil ^^tiidii^, and* in voilMborntion 
with Dr, E- Xj. Walker, asslsrant cumtor of plants, prrpumL ninteriul 
for the bitklogicut section cif anut her ralumc uf this dealing with 
the AbuMun Islands, 

Ail divisiuns in the de.[inrtmunt contributed to the Navy's ^^Survival 
on Lund and Seu,"^ jiubUshed in Det?eniberi to **A Field Culfcetor^a 
Alaiitml in Nutiimi History,^ n^'eritly issued by the SmiLWuuirn, iiinl 
to I he pi^parutioii of nine miuief^gTuphe^i leuilel^ foe distrihuimii Ut 
tM>rTe^pfintlejits inquiriiig aixiut the animat unit plant life of the 
Southwest Pavilk, 

G^oto§ry .—As in the other tlopurtments of the Museum* seveml 
iiiCinihers of the stuff of the^ dnpDrtment of geology are on mililary 
detail. Tho jTOeardies of the hflnd curulor, Dr. IL S, Bunder, liave 
been iiimiteil kt thit^u projecti^; firsU hh nmnographie studT of Luvrer 
Paleozoic ivtrab; ju^cond, a paper on the giant PctlnoieiHC Qstraeoda 
knowTJ Aft the U^iH^rtlitiidar: mid thirds n ii>ntimiatiort of rcseandite^ 
on Aijierirun Onlnvician crinoids ond cystids ermtained in tlu" 
Springer colleetioiu TJie nmmi-script anil illustmtions of all thr^ 
hnvft lk^"ii ujore thun half completed, 

Cumtor WUlIiim F. Eo^lmg wug rKicupied the entire yenr in Mexicfi 
with hi* im[>ervii*ury work for the G^njlit^cal Survey in sun'vyg for 
strategic mirienib. In sdilition^ he spent sonic tinn^ ul the Partcutin 
Vokano making ob^rvatiouu and culiecung maimal for ihe Mus^-mu 
exhibition series, 

E. P. Hcndvrsfjn c<u]ip]eted sevem! analyij^ of new rites. 
^Tlie Milullogruphy of Meteoric Iroii,^ a niyiiograph by Dr, Stuart IL 
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Pftrry, nesociate In minoralnpy, -w-bs jniblislied during the yfi*r sfi b 
B ulldtitt of the^’ationui Mu^etim. 

iJr* Cl. A. CoOfier, in coKabomtion with Prof, A. S. Warthin, of 
Varasr CoUepo, tompletwl his surecy of lilinois Devonian oi) strata, 
and, in oollalxjnjtion with the Inst.itnto G«)!6cico d« MC'Scico, wm- 
limjed held End lalKn-Jvtnry etuilies of the ^iogv of northw^terii 
ri^fmorB. A tnonth and a half r>f field work in Sonom, in ti^ociatiun 
with his Jfeiicaii colle^ne, Jng. A. R, V- AroUnno, resulted in note¬ 
worthy piih'fiinological collectltint- ainl coitsidernble iticreasci in luiowl- 
etlge of the structure and 8triiUgi’a|>hy nf ( be arou. 

TToder the Walcott fund of the Smithsonium lustitiuioti, in colUbo- 
ralion with Myron X. OHH»r ajid R, S. Edmundaon. of the Vir¬ 
ginia Gnfilogicst Survey, Dr. Cooper mudo an investlpatiori of tlie 
relfltlnnshi|is of the limcKtoiivs* tlwt occur oji the Hanks of Clinch 
Mouiilain in wrt)thw(M4eni Virginia and inuihcrii 'rvjiucssaee. 

Before hie ttutimcly deiith Dr. Charles E. Kosher was engaged in the 
study of the Lower Onlcrvieian irilobiUs of Vermont and adjoccnt 
tireas and was coutiuuirig his Canihrian Summary and Bibliography, 
Many years of woik by Drs. Walcott and Besser have fipna into this 
sunuhary imd bihliogj’upby, boib of which when flnislied will be vabi- 
dbte cmitHbiitions Ui srlciice. 

Fi eld wort in vevtcbmie piilcontology, usually orte of the best source* 
of striking exltibitton mater ini, wns nwe^jenrily reiLricted, In a 
short trip to the nearby Calvert Cl ids mi Chewaj waits Bay, Oarator 
C. W. Gilmore and his Wist ants liiid the gnfxl fortune to oxcavatfl a 
eiruniim skeleton of Miocene age, a fossil scj cow ovor U> fwt long. 

inst.'EJAiAKnous 

riWftt™.—ITio number of visitors to tliv Mitsaum buildings during 
the year ehnwed an increasr of I77,49f» over the previous yeir. Tlie 
toiai number, L&Jtl.TWl, is, course, fur below (be |K!B£^lime record 
of 2,+D8,17P in IfiiJT-Sii. but tbe iuiTeuse does indicate ii salutary up- 
treurl in the degree tft wbicb tbe National Mtuiviim cEhibits nnd ool- 
[ectinus are being viewed anii stuclied by tlie jxjople even iii wartimor 
August 19Ja Bud April lf4-l saw (be largest ntiutlwr of vLsitoit?, 163,016 
ttnd 164^31, resiwdively, being recordeii for tbese montha. Ttie 
nttendance in the four Smithsonian niid Miiwum buildings was aa 
follows; Smithsoninn. building, 301^13; .\Hh and IntlurtrlDi* building. 
Natural History bnilding, ■IMJSlti | Aircraft building, 171,SIS. 

Since a conaidGrabla proijortion of the visttors consisted of men and 
women in the armed forceii. special sorvices were proffered iliis grmip 
and every effort wb.s made to enhance their visits. In tbe Natural 
Histoty’ building a progmm of Simday dneeut Ecrvice, for guiding 
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parties tlirough the was iimuguriteit. A number of vomen 

n. S, O. voliuitiwTfi were csjHScially trnined to net bs giudes, and the 
pondutrtod br them have proved very popuiar, UurinjT the 
period covering the laat ftfi Sunday's of the fiscal year, over mem¬ 
bers of the [oilitaTy personnel took advantage of this guide Bervice. 

PuhUeation* and p'fn/jny.—The sum of SiiO.OCO ivas available dar¬ 
ing the fiscal year for the publication of the Annual Beport, nulletins, 
and Proceedings of the Natiatud MiiMum. Twenty piibiioationB were 
isEDnl—the AnniiHl He|Wrt, 4 Bulletins, 1 Contribution from the 
National Herbarium, and 14 Pi'oniedings papere- A list of these 
piiblications is given in the report on publications, appendix 10. 

Tho dlEtributJon of volnmcss and separates to libraries and individ¬ 
uals on the rcgnlar mailing lists aggregated 40^817 copies. 

Spfctol ese.hihUt, —Seventeen sjieciat exhibits were held during the 
year in the foyer and adjaccnl space of the Natural History building, 
under thr nuspioes of various edneatiuntil, Bcientific, recreational, and 
governmental gttiups. In addition ths department of engiraring ond 
industrica arranged S8special displays—9 in engineering, 12 tn gmphic 
arts, and 11 in photography, 

CSANnSII TS nUOAtCtSATTOir ASn STAtT 

Thmi was no major change in Lite organization of the Nation*] 
Aftiseum, btit some work has been done in allocating positions to their 
prcifwr grudi^ undur the Classifi cation Act on the basis of tlie duties 
of each posttiou. 

Honoiuiy appointments wore conferred, on Maj, Edward A. Gold- 
man os associaie In xonlogy on Augtist 1, 194S, Dr. Floyd A. McClure 
OK research associate in botany* on April 21,1044, Dr. J. B. Reeside, Jr,> 
as cn.st>Mlisn of collnitioR on June 10. 11141, and Clarence 3. 

•Shoemaker aw nsSficiate In looloigr' on April 1,1944. 

In thfl department of htology, Dr, David H, Joliustm, oasoeiate 
curator, division of mammals, wo? furloughed for military duty on 
November 19, 1948, and Dr, Ricliard E. UlaekwElder, ossodate cura¬ 
tor, division of insects, was furbugltcd temporarily for war work on 
Aiigurt SB, 1043, Other changes wctc the rvaignation on March 22. 
1944, of Walter A. Weber, o^iriant cutabjr, dimlon of birds; the 
retirement of Ciarence B. Shoemaker, afflociatje curator, division of 
marine inveriehnites, and Julian S, Wamibath, taxidermist. Th* 
latter vacancy was filled by the promotion of Watson M. Perrygo on 
December 9, 19-13. In the section of diatoms, Paul S. Conger was 
appointed associate curator on March 9,1944. 

In the department of geology, Dr. G. Arthur Coopor was advanced 
to rite ciirator&hip of the division of iovertebrate paleontology and 
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p&tecbotfliiy on October 2,1943^ to Dr. Clinirles who 

died ott September IS, 1043. Miss Marion F. WiUougbby, (ciEnlific 
sidr tnnsfcrred to llie United States Geological Survey on October 

31, t£M3. ^ 

In the department of engineering and industries. Or. A. <1. Oinked, 
for a number of yeans ebir f pbotogropher of the Museum, was raliered 
of lj»e duties of that position on November 9,1943, and was appointed 
associate curator in charge of the seciion of photography. Gumey L 
Hightower succeeded Dr, Olmsted in charge of the pholograpliic 
Inbontlory on January 9,1W4, with Floyd B. Kt^ior as assistant, 
Other changes in the administrative siafi during the j’ear were the 
retirement of Boyal H. Trembly, supa^ntendent of buildings and 
labor, who was succeeded by Ltowroneo L. Oliver on December 10,1943. 
Anthony W, Wilding was appointed property officer on December 21, 
1943, The vacancy created by the death of Miss Uelun A- Ohnsted, 
penonnel officer, was filled the appajiitmeiit of Mre. Bt'rtlia T. 
CarwitlMm on February 1. 1944: and Mrs, Margaret L. Vinton was 
appoin ted personnel assiBi ant on Ma rch 9,1944. 

Employcta furloughed for military duty during tho year were as 
follotra: Rolwil. L. Braddmw, on October 12.1943j Joeeph R. Burba, 
Jr., on October IS, 1943; Joim Carl Carter, on May 6,1944; Walter 
McCrce, on April 3, 1944; and David H, Johnsfjn on November 15. 


19-13. -I 

ErtUiSl Desantis rttumed to dnty from nwhtary furlough on Oc¬ 
tober 18,1943, . j • 

Eleven iHnwiw were retired, three having reached retirement age, 
five on account of disabllitv, and three by optional retirement, as fol¬ 
lows; For age, William Rw r, laborer, on September 30 1948. «fter 15 
year?, 8 montlis of service; 'lliomaa J. Shaiinoii, guarfl, on April 89, 
1944. after 18 vears, G months; and Clarence B. ShocBiakciv oasoctate 
cmator, on March 31. 1944. with over 33 years, 4 months of eervrcc. 
For disahility. Eugene C* Miller, guard, on December 9, f 

years, 1 month of <ervica; CocU II. btubiii, guard, on March 81, 1944, 
with 18 jeare, T niontlw service; Arthur G. Rodgers, guard on Novem¬ 
ber 19, ms, vrith 8 years, 5 months eervice; Ann JL St okra, labotw, 
on October 4, 1943, with 18 years, 9 iiumths service; ond Charles O. 
Wat^n, lalwrcr, on April 6. 1944, with 35 yeare, 3 m^ths servicn. 
By optional retirement. Royal 11 Tremhly, supenntcnduiit of buiM- 
ii4a and labor, Kovemher 30,1943, with over 49 years of sei-vi w; Berlte 
Turner, attendonL. on November 80, 1943, with 82 years, 6 months 
service; and Julian S. Warmbath, laaidennist, with 13 ywre of s^ico. 

Tlirongli deatk tlie 8IuK«tni lost during iho year five employ^ 
from ite octive roll; Dr. Charl«) E. Rasser, curator, division of m- 
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vcrtfibroto piilfioiitotogy luid pnlcoWlAiij'i on September’ 18, UI4S}, after 

29 ^ears, 5 monllis; Mbs BdeQ A. Olnuted, pert»[mi»l officer, on Jan* 
uar^r 11, 1944, after 43 jnsats, 9 niuntbs; Senjamm F. CoCf guard, qu 
M arclj 1,1944, after 25 years, 5 oioiittia; George E. Hatbenj, goard, 
«n Jtdj SO, 1943, after 24 years, 6 montltsi and Comeiitis S. Jones, 
laborer, on &farch 47,1944, after 32 years, 6 moutlis, 

Front its honorary staff, Uie Mnseiini lost by death on Septej]db«T 6, 
1943, Dr. AleS Hrdlieks, asaoeiate in antbrupology o inee April L, 1942; 
and on February 22,1944, Dr. E. O. Utrieb, associate In paieonttilegy 
aineo June 9,1914, 

Eloper I fully eubmitted. 

AunuintaB WcTMORis. I/incfor^ 

T«e tjECactART, 

StnUhioitian InaiituHott. 


APPENDIX 2 

REPORT ON THE NATIONAL GAIXERY OF ART 

:;?ib: I have the ti<»i)or to submit, on behalf of the Board of TrUiM^ 
of Uic National Onllury of Art, the seventh annual report of die Rotutl 
«M>verin^ its o]a‘mtions fur the fiscal year eiuled June SO. IM4. This 
tv[>on is made puruniitl. lo the provisions of the Act of March 24, H)8T 
(50 Stttt. Rl), tts annmd«1 hy the public reaolulinn of April 13, mo 
(Pub. Res. NovO, 76th Cong.l. 

ORaAtriaATioK A«t> srAlT 

During the fiscal year ended Juno 30,1614, the Board woscompri!^ 
of the Chief Justice of the United States, llorlnn F. Stone; the Sec¬ 
retary of Stale, Conlfcll Hull} the Secfetar)' of the Treasury, Henty' 
Mor^iithan, Jr,} and the Secretary o# the Smithsoiiian Inatitutiun, 
Dr. (i G. Abliol, ex oflicio; and five general trustwa, David K, ¥*. Bruce. 
Ferdtiiutid I,tauiri)Di Btdin, Duncan PhiUiiis, Samuel H. KresSi and 
Chester DtiJt?. Mr* Dale ivue elected (is general tmetee on Noverolier 1, 
1643. to nuereed Joseph E. Wideuer. who <Ue<l on fX’tuher 26,1643. 

At ita annual niHftiiig, held on February 14, tWt, lli*> Board rc- 
elertcti David R, E. Bnioe, Prenidetit, and Ferdinand Lammoi Belin, 
Vice Pi'esideiit, to serve for ti»e eneuing year. The executive oSiceia 
continuing in office during the year were: 

llimtliigron Oalnw. Swiviaix-Treaiiuivr. 

Uavlit E. Flaler. Dlrm^r. 

Jliinx A. SIcBciilc, Adiiiliitsfrator- 
Honttnaton Cniriio. ileneral Coniwit. 

Jctiii Wainw. iHilcf llnniter. 
aietcalU lann. AMctJeteht IXrccuir. 

XhjrinJd Ei. SUopnnl conimiiBcl to sorvu during tho year ns A<lrbcr to 
tlif Ttcmrd. 

During i he yesr K. Roy I^rgholss. was apisointocl as Aasistfiiit 1 reaA- 
iiter to Cliarles Zin^ief, wlio n'sigin'd ( John A. Gilmore was 

nppomtod as jVssiBtflTtt G«np:rftl Couti^^l; HaniiB Sw^r^naki whk Ap¬ 
pointed Curator of Sciilptiini; luad Port^ A- McCmy was ipptiiKted 
Ciiitjf of Uip^ Ditcr-Amorii.''fln Office, 

Thft «oord of Tniiite^ during th^ ymr tmthoriKcd nnd ilirectod 
by tho Fori^ign Fiiiuls C\mirol c^f tlio Unitod Stntes TrfAsur>^ Dflpjirt- 
mid nt tho request of tho Stale DopurtmvnL, to asiuini^ enfltodjfiTi- 

ao 


30 AXXTTAl. BEPOHT BaHTHSOSJIAN ISSTITtlTIOTl', 1444 

ship of all works of ort anJ rxliibidoTi Enatcrial sent to tho United 
States under the nuepices of the former French Gorcniment for exhi- 
bition [)ur[>oiaes at. rarjoiis places in the United States^ including the 
World’s Faire at New York, N. Y., and Son Fmneiaco, Calif, 

On August SO, 1E4>3, Titc American CommiesiDn for the Protection 
fltid Salvage of Arlietic and Historic Mnnuiiieiits in War Arena was 
organired, and several eK?cativB crfBcera of ths Gallery were appointed 
ro servo offiem of the Commission. Tlie headquarters of the Com' 
mission are located in the Gallorv' huilding. 

Ill March 1&44 tlie Gallery, at tile request of the State Department, 
established the Inter-American Ofike. Tina waa created to act 
AS the official Oovemmenl deoringiioase for the exchange of informa¬ 
tion eonceming nrt ncLivities in Uie American Bepublics, 

The three standing csommiitwa of the Board, provided for in the 
hyla^iT, os constituted nt the annual meeting of the Board, held Febru¬ 
ary 1-1,1&44, were: 

EXEUmiTV 'Oaijurrm 

<ThSef Jwffce ch? |?nlt(?d Stated F. clutlmisiL 

Diirfi! IC. E. Btnce, Tice 

Bciriftirt th^ BAiltUsutilun Intftlltttlon, Dr. C. O. Abbot 
FV>r^iiuij^ Lmumot 
Diim'an PhIJIlps. 

WTMAstmwiMMmsm 

Secrf?tnr^ of tho TrGasiitrj^ He'iirj Mor^nUiatk IT^ frhAlnnAii. 

DoTffl K. E, Bmcct rlee diatniuio. 

SecretATj of CoixleU IlnIL 

iVrdtnnnit luininol BeUit 

SamiMil H. 

mUMITtWK 

Dtttli! K. 34 Bruct^ cbAlftniML 

FiHiSinioa UJUdaot nix rlwlriiuiiL 

Diificnn 

Ch«*ter Dolft 

DqTlfi EL Fliiliqfi ex oQlctO^ 

TIib permiiiiGnt Goremm^nt positions of i\m GaJlery am filled 
from tht^ rtgkti^rs of tlie Uoiled Stated Civil Service CoEtimisaioiL or 
witi itB approvat. On June 1944, the pernument Govenunent sUtt 
nujitliuieci 243 ctniployi^. Since Uie begijiBing of the wnr^ 5S niEiin- 
t^ra of the or upproadmutely £5 pp.rcent^ hskvt eiilered the armed 
servioea. 

The openttioTi and mainteDanEH! of the GaHer7 building nod grounds 
end die protection of tike works of an have tieen eonthmed (Jirodgli 
the AscaI yeiir 1944 et ns lugh a sliOidArd m po^ible wjtL llio 

now fttAilAble* Tlieso stafi'e luive been cut to a mimmuox owing 
to the fact that tlie Qnllery bma deeired to reduce expetiditures and 
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tbc life oi mittip fui'tir to die greatest p<Hiib!e extent during tlie war 
periuf], Tlmt it }iaa been jposjdbk to maiuLain a iairlr liigh etaiidan] 
is dueiiotely to the in renal ve efforlE. eGleiEncy, and interest of tlie main* 
teimnce staff and the guard force, Honeti^rf U ^ill bo ijucesanrj 
to tnetense both the mainlenaiice staff aud die gunrii force os soon 
nil poEEible in order adequately to ojicrute and tiuiintain tbc Gallery 
building and grounds and to eiuibto iJie Trustees to carry otii their 
duties in die proteeiion and care of the worka of art in the Gailerys 
oollectiona. 

AmtaFtnAHoNa 

For salaries and expenses for tiie upkeep and opoiution of the Na¬ 
tional Gallery of Art. the protection snd care of works of art iiccpiired 
by the Boat^, and all udiauiisirsiive expenges incident tbereto os 
autborixed by the Art of March ‘J-l, iDitT (50 Stat. 51 ), and amended 
hy public resolution of April 13 i lOilp (Ihtfa, Rea. No. p, 76 lh &)ng.)f 
the Congress appr^ipriat^ for the fiscal year ending June 30 , IW, 
the sum of $l>a 3 y 36 fi. 00 . This antount mdudes the present appiopris- 
lion of 9541 ,B 0 S.O 0 and u supplementary deficiency appropriation 
ajnounting to Sa‘ 2 , 000.00 for the jiayment of “(iTcrtime compensation” 
as authorised by Public J jjw 40 . TStli Congress, From these appm- 
priationB the follnwing expenditures and eticumbrancea wero incurred: 

EaeiNpirnnEs Am Es'rcvBiu^Tins 


PorsoDBl •errlcw.— ------- ^(510, CBS. 00 

PrtoUne and blbdltix^-- - - —--— *.OlT. 22 

and eifatimiBftl, etc,----—— 10a.31S-tlS 

Dtteaciunbcrcd haJaoiK— --—-—-—— -6,331.75 


■r».ni - ---- iEia.3aj.4l0 


In addhton to the abovs-BientJonwI ajiproprlnUons, iho Gallery re¬ 
ceived Si54ffi2J6 from The Fedtiul Works AgeJiej, I’ubiio Buildings 
Administmtion, to cover expenses incurred in cnnncctlon with the 
spcotnl protection of paintings and sculpture evacuated from the 
OuUcry. 

attexdancx 

During tlm fiscal year ended June 30. 19-14, the viaitirrs to tliw 
National Gallery of .\rt totnleii 2j:MybOTl. the largest annual attendanco 
aificw Gus opening of the Gn1li*ry. This compares with i,5OS,0S] dur¬ 
ing the Gs 4 :!a] year ended Juufl 80, I1M8. or iin increase of 5M,800 or 
36.0 percenL The inctense in popularity of the Gallery is evidenced 
by the fart lbn« the avorugo daily attendance during tUo fiscal year 
1044 was 6,050 Tisitore. ascompored with 4,143 for the fiscal yimr KMB. 
On Sundoy. December 21^ 1943, there wew 22,248 visitors, the greatest 
number ib tinj oue dfiy. 
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Contributing to tlie puhUc^ mcmi^ing interest iti tlie Gallery 
:ire tlie evening Knurs on Sunday the specio.! exhibUionEf pnrticukrly 
those of waniiue the Sunday evening concern without charge, and 
the Ser^vicemen^fi Hoocui wtuch provides n place of relaxatiou for mm 
and wirtuen in liie artiied surviixap Approaiiuately :10 percent of the 
vit:il6tii to the Galleiy itn: tiien and women in tJie artoud serviiMia, 

PUnUOATlONS 

The InJorniiition B4:K>irL5 in the Gaileij continue to offer an in* 
ending variety of Une^ although nunkrately prkad^ colored repro¬ 
ductions of paintingz^ in Uie Gallerj^a colteciiona, as well as post cards, 
illustrated catalogs atid a general in formation btaiklet that in tjf 
gi^flt assistance to visilora and wbdcli may he obtained witlioutcharge^ 
With the acquisition of ilm Lc^ing J, Hc^mwald coUectiork of prinia 
and druwjiLg>H ]| hrgv illuj^rnted vatalig of this colIcctioTi and a set 
of 3Si post-canl reprcaluctiojia tif some of the prints aiid tlrawings in 
the ^xilliKihin Ijiive Ih^ol addeiJ lo the publications now iivullable. 

During Uie pos^t year liiere has been n great increase in the number 
of ojd^rs fortlie QaUcry's public^ttiona from *ervijccmen ovitincm, who 
are purchasing colur priiit^n ninl cnUlogs for use in rect-eatinn rooms 
at niililai'y puh^t^ all over the worJil. Tliere ba:^ also tieen mi unusind 
dcmaral fnjm public schwds throughout I lie United States for color 
reproductions and text tniiiorisf dt^riptiveof tlHjGaltery^&colIpctiniiis. 
Tliesn^ publifatioiiif iilsfi are in demand in tlio Latln^American 
republics 

W CqtKS OP AST STonED IN rWCE OF aAFEKFETlNa 

Ejifly sti Jan nut*}' lt?42 a limited number of frugSle and itrepboa- 
ablc wufica of art an I tie tiallieryV collectioiu? wore nuiiuved to a plice 
of greater safety, Tbe^^ works, suiortvri in a plBcc ailapteil for the pur¬ 
pose, have amcc been uiidt^r sruiintanl gusard by nieml>erfi of tho Gab 
hry^s gimrd ft^rru anil under supervision and. inspectitm by a member 
of I ho curatorial staff of tlie GtiUery, 

ACXjmai'noKfi 
arrr9 o# rtsr?mt Jiaa Diir4 wi>,-i;i 

Tlie Dnard of fiti Dmindw 4^ iicceptcd six ctchiugs 

frujii Diavad Kejipoh Jive by Pirazieiri mu) oiui by Ugo <]e Carpi. AhM> 
on D^i^fTiher 4 the Bnonl aiH'epled ii gift of two drnw'ingB^ ^^Seatctl 
Figuret” by Pa^iti, nml "*ll«ad of a Girl^*’ by Ptivin iIb ChavanrufSj 
from Lc^dng J, Rnsejuvald- On May ifO, IPH, the Board accqitcil an 
additional gift of approxiuiatdy IW pmits aud drawings from Mr. 
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RoiKinwuld. The Index t»f AnwriciiD l>«sjgii, coiisbtin^ of 22,000 or 
more drateingii and water colors, whicU was accept^ hy dio Board on 
June 7,1048, from the Workn Progress AdmmiHlnition, was wocired in 
the Gallety during the fiscal year 1W4, 

GDTa or riiwririos 

On December 4,194S, tiie Ooiinl of Tnistces accepted eight paintioga 
from Lessing J. Rosenwald, via: 

The Blockade ___——- •'’oTstiu 

Tlw l»etmooer ___- KowJa, 

Arilat aa<l Mortel -- ■ ■ ——---- l^ornla. 

Oehluil ttw- tieeMea--—- Formln. 

of iho - — - - —^-_ — nnirmlnf. 

laChnwh^ _— - -- • - ['eumter. 

['^dt -- -— — -——-- WUlatLsr, 

Aruoltl Hatinar --- WlORtier 

On the same date it also accepted the jjainttng entitlwJ “JirEexjng Up,” 
bv ^Pinslow Hoijicr, from the W, L. aud Slay U Mellon Ptnmdation. 
Oh December 18,194*1, the Board accepbed tho poiiraii of ■"Commodore 
John Rodgers,” by John W«sh*y Jarviftr from the Mbses Cbrlatina and 
Nnnnin R. Mneomk On Fehninty W. tb« accepted tw.. 
paintings. “Tlie Stream," by Couriiet, and ‘"Tlie Eel Giitliftrer^” by 
Corot, from Mr. and Mi-s. P. H, B. FreUnghuj-ecn. Frtm tlie ehildreTi 
of the late Ru Eev, WitLiam Lawrcjice, the Board on the ?amo (late 
acwpled the painting entitled “Amos Lawrence,” by Chester Harding; 
and on May Stt, 1944, the Boaid accepted thi) painting of -"Horacir 
Binncy,"by Gilliert Si uart, aa a gi ft fnon Dr, Horan? Biunfiy. 

SAtE OJt EXCtl A?«OF OF WUBK# ^ AITT 

Dwiing th^ yBflf Ht> wfirks of iiit t>oIoiigiDg U.* ibp OaUctj wer-e si>ld 
or exchniigtic). 

IXiAJ? OF WflESil OF nlffT TO TUE <IAlJLXEJ 

During the year the following works of art were received on loan: 

From Mrs, John C. Clark of Now York, N. Y. : 


^ elcbkDe? tty Furili-eill. 


From Mrs. Gaty Grant, Pacific Palisades. Calif.: 


rifle 

A iwto D»f , Teotce --——.-—. 

The cmntrard. !>»«»’• Fulace, wUb itic ItoicwUmi vt the I'onftl 
Lwate..— ------- ■ » 


AriUl 

Ouwletto- 

CaasliHto, 
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uoAji car WORKS or art bt ihk risixcicr 

In Ibe IUca) yesr ended June 80,1044, the Qelleiy losned the fol* 
lowing five paintings to the Lyman Atlyn Museum, STew London, 
Conn., lor exhibition purposes; 

From the collection of ilie NfltJomi] GsUery of Art: 

Tlttt Aritwt 

Sdt I’ofTmlr- -- Bcnjoxnia Wrait. 

Major Thomiis Biildle..— .. Tliuaiaa Sullr an A tboiuBa WlkofJn Snltr. 

From die loan collection of The A. W. Melton Educalional and 
Charitable Tiustr 

r/Ita ArtUt 

Anna Cora Uowaii (I) - nttTJbne«n (o Jehn James Aodabciii. 

GUlwrt Stuan’t Family {»> —- nttrtbtited to WailttaKlua AJIstoo. 

H, {T) . ■ ■ ■— __ alJfEbuteii to .AliriLliitii DelAUQ^. 

AST RETUlLNiUJ 

During llie year (he loUowing workn of art lent to the Qatlery by 
Cljest.er Dale of New York, K. T., were returned to him; 

Title 

CroiKbtnc Linn- -- - 

N'tide Woman S^tod on a Bed__ 

Wcrtiiiti Staiitil oti u Chftlt-_ __ 

&lj6ikal«iLr E^tilfl Bwj-.__ __ ___ 

C^euxa Interior wtth Wumati nnd 

UlItBinONS 

Tlifl following exhibitions were held at the National Gollety of Art 
during thehscal year ended June SO, l94-(: 

Group of political caricatures by French and British artists, from 
the leasing J. Rosenwfld cnltcctiun, fioro July 31 to Septemltor 5, 
1043. 

Nineteenth- and twentieth.-century drawings and water colors from 
French museums and private collccticma (3d showing) from August 
3 to September 5,1043. 

*^Arl for Bonds,** by American atHsts and sponsored by the Treasury 
Department's National Coutniittce of Honorary Patrons, in connec¬ 
tion witJi the Treasury's Third War Loan Campaign, from September 
13 to October 10,1343. 

Marine water colors and drawings by oScers and enhs t cfl men of 
the U, S. Marine Corps, through cooperation of thaDivbtion of Public 
Relntions, U. S. Marine Carps, from Septemljcr 13 to October tO, 1043. 

Navahu pollen and sand paintings. Selections from a group of 
paintings executed by Miss Maud Oakes, and accompanied by a gntiip 


ArtM 

Delacroix. 

Fomin, 

Fotnln. 

Gnotoln. 

MJlfl L 
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coilBcted by Mjbs Mary Wbeolwright, from October IT to Novotnbcr 
14, im 

Paintings of narol aviation by American artists. Fruio lUe Abbott 
I^aboratories and in cooperation witb tbe U. S. Navy, from ^ovtmjber 
!j!i lolbiccmbcr IS, 

Printa and drawings from the Boaeiiwald collection. The first 
general cxbibitioit of printB and drawings from the Lessing J* Ro«n- 
wald collection, comprising a group of selections from the fifteenth 
century to tbe present time, from Deteniber Itt, 1943, to February 10, 
194A 

Etchings and lithographs by G<»ya from the Qallory’fl collection, 
from January 2^3 to February 111, 1944. 

“The Army at War,** pointings and drawings by American artists 
at Army ba^cs throughout the world. Eibibilion lent by the War 
Dci^artment to tlie Treasury Doparttnent, and shown at tlie Kational 
Gallery of Art from February 20 to Match 19, ID44. 

Index of American Design. First exhibition of a selectioti of draw¬ 
ings and water colors (from the Metal W^orlc and Hooked Hug 6®i.- 
ljoub), from March 26 to April 23,1W4, 

Nanteuil engniTed portraits. A selection of 33 of Kantauil^s worit*!, 
from the J. BusenwaJd coUBction, from ilatch 2B to June 21, 

194A 

Britieih war paintings. An exhibition of oflieial British war paint' 
inge, recording tuilitary operations and civiliuii activitiM in wartime 
Britain. Lent by the British Ministry of Infornintion, from April 23 
lo May 20,1944. 

Bcwibrandt prints and drawings. A surroy of the work of die great 
Dutch master, selected from the Rogenwnltl, Wicicner, Bicu, and 
Xowell-Dstidw coUections, fitim April 30 to June 21, 1044. 

xu.irEixxo ExiitJunoNS 

During tba fiscal year ended June 30,1944, the following lira wings, 
u'aUr cdois, and prims were placed on exhibition i 

[IHEi: OP AMulfi AM 

lixfalbUluii mode iii» fmB di*" ilociuuailea drawlrw and wster eolort ceo- 
In tliH lodes orxiiwelena tiesisa. SU Urswtngs, loKrtlwr wUb ilata i^ts. 
tor use lb au EanlbUloa of Melae Art. opntUn* April W. iMA, wrw thlppod to 
ODiluCnilvpu, Watenrllle. We., and were fe(nni*0 lu Uie Gflilcfy Jniic U3. 

NUnaj-ltre ilu[i1Uiite tints sliisetn uf Tciit* lUMterinl coutDinBO in thfl lode*, 
towtii Wlilcli to tiMike M MlectloB of pliotceniptia were fib'ppttl to ilie tlnlnmilty 
Mf Teiffljip AJEjfli 111, TtJw m Jim® ltM4. 

A caBjIMUlhi* conBrtKlh,! of 35 troro U«i£ii J. 

CDlk-cUDii. Sail Oft Mny «, IM4. to Bmoikji Mmaotlal Art Gflltocr. Maniphla 
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ibfttk ti> iliKi VLrsliilii Mun^iin rtf Flni^ Art*. Etielynaiiil, Vk., utt Jii&p l^p 
IM. It wUI tK> rvturji!!^ im liu! NmliJiinl OAlif?r^ <!£! Mi nbuut Aucdt 

Iti b« liftJil iut fartlint UHikliij£^ 

vAfikHfe a»a4.iit Ac-w>mj» 

In the jierifxl imm July io June QQ« n tolnL of 53 con- 

i«rts were given, uf whidi 52 were in the East GfiTtkri Ct^urt on Sun¬ 
day eveningis md one on Sotuniny iiftemoon in the AucUtorjum, Tho 
coiieert^ wore free to the publie, flntl were attended to espaezty. The 
NutJoimJ GoUerv Sinfonjetia^ under I he direct Jon of filohnrj Bides^ 
played IS conferb. An Atnerkitfi Fe^stival of works of nuiivit conk 
was held during- ikreh and April, l&M, when fivj^ |ierfortu^ 
ant cs were given. 

The rJundav night BfUppers for servitreinen have been continued 
during tlie ycftry approAiiiialeSj 3B helne serveti earh Sunday in Uie 
cafeteria »t the Gallery* Funds to defray the cost of the euppors were 
contrilintcfl hy muiiiber^ of the staff and by friejitb of the GnlJery. 

A toUl of 105 specbl |rt?rmit^ to copy painting!ii> in the Naiioiud 
Gnllvry tif Art ivt^re issued during the fiscal year 1944* mid 72 h-peoial 
[>ernnt«j vrvi^ isued during the suiiie p^noi] to plmlugraph pniuiiiigi. 

CTIB.VTnUt.IX. nCFABTUKJiT 

During the yeur work of the ciiTatorial departnioiil txmBijbtefl 
Jnninty of installing n large number of gifts ttnd AUlditicmal works of 
ait from the Wideaur colleciiun; urriiugifig IT temiHirary tixhihUiojiSi 
eatnloging puinlingi?, T^tnilplum, and ]>rmu; assisting die American 
t.'fimtuis^iioi for die Proti^ctinn atid iSalvagi^ of Art^iEftic and Historic 
Miinurnentii. hi War Arein< hy pnividirig infonuation on dmjiaged and 
iTOtcd worbf* nf art in war amis; mul the a^^mptton of additiumd 
responsibility resulting from the npiauntmrjU of the Tmrtees of the 
Gallery as ciititodiaii of worlc^ of ml uinl eAhibittoJi material ^nt to 
Lliis country under the aubpices of tlie former Fieiieh (kiVi^iTiriutiU- 

Two puli Heat inns, America u Pumting^ finHii Smihert to 

Beltuwh,^ by John Walker and Sfafgill Jamert. and ^Master- 

pi<*C4« of Pninlitig from the Kal tonid Gallery nf Art*^ eililrvl by Hunt¬ 
ington Gftims and ihihn Walker^ wen* prepared witl^ ihe as-^ishince of 
members of thi* curatorial departm*?iiT. One Iwa^k^ two eatalog^, and 
iliree pampblitEvi i.ssfued by the euratoriat and educatiorml dopart- 
menla in cull tilsji atiim. Six of the staff corilHbuletJ eight 

articles t^if^-verat {MirlixIicalB imd pamphlet 

Duiing the patM year apppr>xin]alely 6*22 wurlev of art w^re sub^ 
tnUteri to the arqnbirioui^ t^nninitfrr rtliehirg^t hidividuil gift htdng 
49(1 prints and drawings Ut Iki added lo the Kosenwftld collection) with 
recoinmendiitio^is regarding their aeceprability for the collections of 
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tbe Xatlttnd Gdlrry nf Aft; Ifi private colloctimis wre viewed in 
I'Annection with offer:) to tlic Oftllety of gifts or htaiis J 04 conffiUtations 
were Udd eoncemiiig 139 works of art hrouglif to the Gullet? for 
exjiett opinion; and 6ft written rt>i)1iea were tnede t(» iuqiiiries in- 
volvtng wsenreh tu Ujo histoi’v of art. 

KE^nORATtOK AND BBPAin or wiHuiS rJF i»T 

With tins ttOtboriaitioli of the BurkI, ftotl ibe approvd of the Di^* 
tor end Chief Curator, the tiepesear)' reetorution ninl repair of pRitit* 
iijga and oculpiure in the Gallery’s collwlioti were made hy Steplrfu S. 
Pklietio, Cofts^uJlant Besiorer to the GiiUery. 'Vll tlufr work was oim- 
pleiotl iij the Il»>rt<irw*s s^tudio iti the GnJlery with the raceiitiou of 
seTemI pomtiogs that iwiuirwl resloiniioti Iwfore shiianent to Wash¬ 
ington, and one where the work was of aucdi a dulicaie and complicated 
nature (hut it was niDccssary for the work to ho done in Mr. Fkhcuo s 
Jfew York etudio. 

Et>UCATir^NAL PHOOSLSlM; 

UuTo than 72jOOO iJcnplc attended the varimis pi-ogratuii coudnetod 
by the educational department during lUe year. Tlie Gallery tout« 
of the collection atlracte.1 nearly 15.00(1 poqde, whth^ 2^000 atleiidtHl 
tlni “Picture of the Wwk.** a lO-ininuie dbcusslon of a single pitinting 
given twice daily on Motiilavs llmjtigh PriiVj’a More than 0,000 
attended the regular Iw'turw on special toplta delivered by the ednea- 

tional staff and guest ftpeakers. ^ 

During the first 4 months of the Ivp^al year, a new project undertakim 
by the educatioiml departmenl was that of an autciiiifVHc prognun 
(no «f«ik(-r) emploving 2*2 Kotlariirotnes ami titles on shden, cn- 
«Wh>*t To Sei- in the Ketional Gallery of Art-A Suggestimt 
for Tour Firet Visit.” 'Ibis pn^iuui was uccompatned by recortled 
music, and tnoro llisn 1&,(X)0 jiroide uitcnded- 

LmRART 

The moat iiiip)irtant contribution to the library during the year was 
t he art libniry of the late doswph E. Widener. 'ThU gift con-simed of 
1,378 Iwoks and 570 ixiriodienls. 

As a gift from S.iloiuon II. Guggrnheim, the lihnirj receiTcd the 
Richter .Vrehms. consisting of over 00,000 photograplrs and repradur■ 
1 ions. Mr. Gtiggirnheim also gave 975 photographs of art objects in 
llw Solomon R- Guggonbrim collection- A nimriier )>f on works 

of art were also added to tJic lihmry collection through fotids donalod 
hy Cflptk Paul Mi'lloiu 
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POORKlBAFinc OEPABDCEXT 

Dating thn CbcsI year 1014, the pfaDtognphic laboratoiy of the 
Gallery ntade 0,03^7 black-and-white prints and 610 black-and-white 
and 1,117 color ^de& 

OTKEft crens 

i 

In tlie fiscal year enileil June 00,1044, gifts of books on works of art 
and related m^rial were made to the Qaliatj library fay the Honor¬ 
able Salomon Diocm, Mrs. Juliana Force, Mrs. Victor Harris, Mticgiil 
James, Frt. Lincoln Kirstein, Leander McCormick-Oo^batt, Capt. 
Paul Melton, Lamont Moore, John B. Morgan, W. Francklyn Paris, 
Duncan Phillips, and Maj, Soy L, Tmatinan. Gifts of mooey were 
made to the Gallery during the year by Mrs. Floreuco Becker, David 
K Finley, Mrs. Deering Bowe, Mr. and Mis. Maeg tIT James, life 
Magazbic, Mrs. H. A. McBride, Capi. Patti Melloit, Donald D. Shep¬ 
ard, Col. and Mrs. O, J. Troster, and the late Joseph E. Widener, 

Aunrr on raiVAtn nnnss or tuz oau.cbt 

An audit is being made of the private funds of tlie GaUoiy for the 
year ended June 80, 1044, by Prloo, Waterhouse & Company, public 
accountants, and the certificate of that company on its exanunation 
of the accounting records maiuUlned for such funds will be eubmitted 
to the Gallery. 

BespcctfuUy submitted. 

F. L. Bzlzn, Acting Prtsident, 

Thk SzCRCTAaT, 

STnitksoidan Fnttitviwn. 






APPENDIX 3 

EEPOBT ON THE NATIONAL COLLECTION OF FINE ABTS 

SiB; I have tlw hunor ta aiibmil the following report on the acliTUios 
of tlie NationJil Collection of Fine Arts for the Gfical jear ended June 
30,1014: 

AfTBOPSIATroWS 

For the administration of the NoUnnal GoUection of Fine Arts by 
the Smithsonian Institution, including compeuBaiion of necessary m- 
ployeea, purchase of books of reference and [wriodicals, traveling 
expenses, and other necessary iticidenta) exponfies, $17,433 was nliotr 
tcd, of which $6364.74 was expetidedl in connection with the care and 
maintenance of the Freer Otdlecy of Art, a unit of the National CoHeo* 
tion of Fine Arts. The balance was spent for the care and upk^p 
of the Nat ional Collection of Fine Arts, nearly all of this sum being 
required for the payment of salaries, traveling expenses, purchase 
of books and pcriodieula, and necessary disbur^menla lor the care 
of the collection. 

OTE HMTTTtft'imAJr OOSnUtfiSIOK 

Owing to crowded transportation conditions and lack of proper 
hotel facilities, it was decided to omit again the December a nnu al 
meeting of the Smithsonian Art Commisaioii. Several proffered giita 
of art works have been depoaited with the National CoHaction of Fine 
Arts to be passed u|»n at the next meeting ctf the CcanmiBsion. 

Tlte Commission lost one member by death during the year. Dr, 
Frederick P- Koppcl, a membor of the Commission since 1632, died 
September 6, 19^, 

thk CATnxniSB wslden arrea rerSD 

Pwjr wQt<?r color m ivory, trere acquired from the fund 

cvtnbUshed tl^rough iho bequest of the late Catheriuft Waldon My^r, 
us folEowst 

42 - CiiTOlir by Hcnir ; from Mrg. Dom I« 

COftU, ArllfiirttiN, 7 *. ^ ^ ^ 

43, E. by Efimbfumii iVale frant um 4. 4. 

Iloot»r, WtithlaEtoD, IX C. 

SO 

tJJMSO—iti- i 
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4-1. INmiettiii &lr.fcwn.** Uj Pmii* IJ ; friijH 

J. J. WuslilJi|(toi4 I>^ 

^tUUU OilkTrr lyr Artroa T. (%iSt2-l^): trom Miss miaaboUi A. 

iTnliamcl, WaBlitn^ikn. D. CL 


A miniature. "Otto, Count de Mosloy,'’ by Charles Willson Panle, 
ITT®, wa» kniby Dr. L. P. Sliippea on Sepu-mberSi. IMS. 

An oil paintijij!. “Porinut of Mn>, Stephen Decutur, nco Susan 
Whcoler (lT7«~ldG(>)f*’ h; Gilbert Stuart (1755-1828), ami four 
{■rayon drawings on piip«r, “Portrait {}f Ann Dmiitir Pine,^ “PoHniit 
of Capt. James McKnlghl,” “Poilmit nf Cnpt. StepFien Peeatnr, Sr,," 
and “Portrait of Ann Finn ^foKnight Ikcatnr,*’ by Saint'Memiii 
(l77<J-18JVSi!), were lent by Mrs. William F. Mncholdtnee Sarah Morris, 
on November 22, iU43, 

'lliirty Oiinese jade ornaments were kni anonymously on March 1, 

im. 

A miniature, “Col. Nathaniel Darby,” hy an nnknowti iirtiat, wan 
lent by Dr. L. l\ Shipped on Mareh 35, 1844, 

Two miniAtiires. '*Ja!in Church Hamilton,” and “Unknown Lady,” 
by Alfred T. Agate 118)2-1845), were lent by Mi^ Elismbeth A. 
Dunamel on April 7, 1944. 

A miniature. “William ranmiii^ 2nd, of Gloucester. Milaa.,” by 
WaBliingtoii Blani'Uard (ac. ]H31—bS, Boirton), wa^ lent by Mrs. Alba 
Walling on May 18, 19-14, 

An oit painting, “Portrait of Lt, Gen, Mark W, Clark,” by M. Arnold 
Nash, was lain by Mrs. Mark W, Clark on iTutie 7,1944- 

b 

[jflASfS TO OTHin) UTTSRtTHH AXO OldMMZA'riO.NH 

The following 13 tHiitilm^ wm* lent to the Civilian Medical Di* 
viainn, Offlcsi of ibe Secretary of War, Dr. F, C!. Smith, MtHlicat Di- 
rector, Kuom t F 3<’i0, Pentagon Bnilding, on July 21, 1943, with the 
understanding that they can be recalled nt any time. 

(n AjllUUt^’’ bar Wllllnfll H ZfflgiUitnpritllJEaS. 

*'P«fifnwnf Ct\j fjinii ihv bf WllHntii H BniiEiiiHhipmiloai 

ToiiclitjJihitiL** bQT Allet^rUci^ Baniojr. 

^LJUKU^njiMi with bj Jubll U 

^Thfi Wofhrllnnd bjr Wllliiiin Bmnf l.lowntn. 

-JfijrjHw Chlliltimd*"* br WtilSftjfi mmrr 

'‘■^nr tJwnti/* by ltGb«tn Kffiittt OtlftiriJ. 

•^11 |ji£iL»Gu, bjf EiilHiTt SwiUii GtfliJtd. 

f^MIi WlniJmllir bj K, Iliarn* 

S^lbiiL it XlRbf,*' bj IbjtHTl CL 

‘TUe Miwtr bjf aiittm Dfllfit* 

'^I'hePMtriitTlifl. 23fiJi Nitirrmil Uf Gtthtul]- Wldfori^ 

Artiit'i CliMim,*’ bj John Wotnl 


a^KT OF THK SECIIETAHT 
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A Jiiarblo statue, “Greek SltiTe ” by Hireui Povrere (without the 
pctloatal), was feiu to tlio Mciropolitan Museum of Art, New York 
Cit}-, for mi exlvibitiou “Tlw Greek Kcviva! in the United Statw,*’ 
November d, IMSt, to Mareli 1,11)44- (Belurnwl March t, IW.) 

Tvp<i f>il piiintiiige, “Cliffs of tliu UjJtser Colorado Itirer, Wjrnioing 
Terriioryr by Tliomiut Moran, and “Fiml On " by Fwleric lteniin(f- 
ton, were lent to The Museiun of Modem Art, New ^ ork City, for au. 
exliibition of “Komantic Painting in America;* November 17 through 
Fishruary (1.1044- ^Re^urtlfid February 18,1044,) 

An oil imiiUiug. "‘ThomaK A. Eitisoti Listening U* hts First Per* 
feeleil Phonogmiihr by C«L X X Anderson, was lent to the Dopart- 
mml of Enginwring and Industries, Unit'-’d Slatiss Naiiotinl M^im, 
on Fehnmiy 11,1044, to be iwwl in eouiiwrtiou with a apoeial exliibiiion 
comniemorotiijg the ninety ^eventli birthday of Etllst^n, (Eetumed 
March 3,1M4.} 

The following tlve miniutures were lent to the Lyman Allyti Mui<eum, 
New London, Conn., to be InchnlNl in the (‘jtliibiliim of John Trum¬ 
bull and 1 »Lj contemiKimriw from Martih fj to April 10, lb44, (Re- 

Uirnefl April 19, 1944.J 

‘ Mr Xtifaol.” Uj JiiJiii Jurrte 

"gitttbetb Ollpliaot,” by Janie* t^eole. 

"Rnuibeth Knopi».“ 1>r JaUMm I'dle. 

"irntM^rt OUphant.'* Pvale, 

*'Riib«'n« by Baiiliut'l f^Ie. 

Aft oil puioling, ‘‘Portmii of Frank U, Noyes,^ by ()ssip Perelma, 
was lent to the artMt to bo. 8lu>wii in t-ounection with his esliiUition «f 
fHirtraitK held at the Mayflower Holel, Wasliiftgion, D. C,, May 9 to 
June 1,1944- (Ueiurm>d June o, 19I4-) 

Wtl'tinUAWAM uv OWKI-ltS 

The following si a i>sintinga, lent liy the Rev. F. Ward Denys, we^ 
withdntwii Novaniber 3,1S4IS- by the executor of bis estate, the Ameri¬ 
can Seenrity and Trtwl C-ontpany, 

Salatailun,'' ei>l»* after Alberti iieltl. 

"Hilly FantSly,** eiijiy sfter Del Sarto, 

"tJiitbrrftia Flawvr?,” by Keyeer- 

"St Wchuel aiitl tlii‘Drii(anj.*’«il>y after <Jnbt‘> 

"Unautiiw aad fWJa," euiiy at"'r IN'caeliw 
"8t- Itiitl Ih,- LliHia " by uiiknuwii artist. 

'I'ho bnuute sUatne of Linwibi, by Augustus Saint Gnudens, lent by 
ibc estate of Mrs. John Hay, was willidrnwij Docemhor 13, 1013. 

^Vn oil painting, "Portniit of u Dutch Girl,** by Jan ^ 
withdrawn Doeombor 3L 1013. by Mrs. Feroline Perbm WaUaeb. 
Adminlstratrla of tJu* EstuU’ of Cleveland Perkins. 
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Two oH painlmgs, “Tlie Windmill," by Salomon Buyedael^ and 
■'Portrait of a Dutch Girl,** by Paul Monilse, were wtiiidravm ilaj 
1®, im, by Mis. Feroline Perkins Walladi, AdminisUatrU of Ibo 
Estate of Clevelaod Perkins, 

THE HEintT fTASO na^’OES Form PtTHCHSSES 

No, 113 entitled "Fifteeiitb Century FrcncU liladonna and Child ” 
by Harry W. Watrous was assigned by tlie Cotindl 

of the Xational Academy ol Design to the Coker College for Women, 
Hartsville, S, C.. on August 4,1913. 

TMB rtatlOXAL COULKCTIOM OF FUlE AJlM BEFERCHCE UBBAHT 

A total of 651 publications (829 vohmusg and 3S2 pamiililf^) were 
accetsiuned during the year. This nmnber includes 111 volumes and 
&2 pamphlets added by purchase, and 60 v«>liiines of bound periodicals. 
The Parke-Beruet priced catalogs accounted for 31 volumes and 45 
pampUiets among llio purebases. The otlicr accessions irere poLlica*’ 
tions received in exchange or as gifts. 

OTUXa 4CTlvriJ*8 

Til6 following paintings have been cleaned or restored since July 1, 
1913: 

“roTTralt ol Andrew JudBOti," try TLonms SoUt- I'reiiiTlr of Uw Vailed 
morefl Capitol. 

*'Fbrtnlt of Otominsalore OU»m B. Poirr.” hjf Jolin WcaltTf JbttIb (or after). 
Propertr uf tlw lUttiitiiti of Iilsturr. tiaUed Staris National JIitMuiu. 

"Clly dC Si. bi QoorBe CVtlln. FrojwTty of Hw dlvlilun of etbaoloar. 

United Siatw Natlimnl Stadetaa. 

‘'llu.inib.Je-tili. tlur One Bnni. «!wii* (ltoh.O> 'ral," by «qof*e Cnllln. Prop. 
RTtr of Uie dlTlolou of eiLiiolocy. Ifalted SUittw National MuBFiuit, 

"View cn Upper UlKOuri—Dnek Tl*w of the Uaiitlnn VII luxe," W C«n*e 
Catlta. Properly of die dlrlaimi nf viftnolopy. Unllod BtatrB Naltoaal Mumhir. 

“BolTalo Simt unilnr ihe UoU Mkln Mpsk" by Oeorae CatUn. rropeny of 
IlM) dlTlilon af Maiirjti)|[y. Cfilteil fUntiw Nnttoiud 5Isi*.um. 

"Pottndl of Uoilwtt Morris,” by Ollbott Stiinri («ir after), offered to the N«- 
ilDOBl CollecUoii of Fine Aria by ilw MeiJiial ijocleCy of tb*? Otairkt af cmawbU. 

sidDCiAL cxnmrnoNfl 

The following eihibitions were bebl: 

Ortohr 6 through 31, JP4yj—Eshibilioii of 18 oil and S runjish 
paintings, 4 water colora, 1 goiiachct 4 pencil drawings and 2 etebinga, 
by Ceferino Falenda, of Mexico, was yponsured by the ^fexiean Am¬ 
bassador and the Pan American Onion. A caUtug was puhlislied by 
the Pan Anioricon Union. 
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Dee^mbtr St through January Eshibitioa of i 4 wRto 

colors of Sleiicn, by Wiilter B. Swan, Otnniia, Ncbr., waa sponao^ 
by tlw) Mexican Ajnbassador and tho Pan Ametkan Union* A calaiog 
was published by the Pan American Union, 

Decattiher U, lB4St through January Itf, 1.944—Eibibibon of 62 
minialures by 52 oritfita, by tbo PennBylrania Swicty of Mimatum 
Pamters. Beprint of catalog was published by the National Collec¬ 
tion of Fine Arts. , * * 

January 6 through SOt Exhibition of 21 water colow and 2ft 

block prints, by Ralph H- Averyt C- Sp. (P.), States bacy, 

February 4 throftgh £7, im-^arnt exbtbtUoa of by 

John Mix Stanley (161^72), his daughter-m-law, Jane C Stanley 
(l86Sl“iW0), and her daughter, Alice Stanley Acbeson, coiifiisting o 
itO oil iittintings, S cbromolithographs, and 7 small Utbogwpha by 
John Mix Staidcyr a photograph of John Mix Stanley, ami a book 
enritled 'Molm Mix Stanley and Uia Indian Painting^ by W. Vernon 
Kinietx; 40 water colow by Jane C. Stanley, and 28 oils by Alien Stan- 
iCT Acbeson, A catalog was privately publia^ 

'April eo through Moy it, J5|4.—Bnmmal Art Exhibition of W 
water colow, 41 oils, 4 etchings, 2 partels and 4 pie<^ of teulptura, by 
the National League of American Pen TVomcn, A catalog was pn- 

Sff, /a44.—Exhibition of “Port roita lading Atn^- 
ican Negro Citixena," 8 by Mw- Laura Wberier Wanng, of Phila¬ 
delphia, Pa., and 15 by Mwl Betay Graves Beyoeau, of Washington, 

^ June S through £8, fP4i—Exhibition of 78 mu^ painting the 
caves of India, and 16 paintings of modem 

dimrian, of New York City. A catalog was published by the State 
DeparUnant. 

rum.fCA'nowa 

TciutAS IL P Heport (m the Satronnl OoUccilon ot Tl™ 

eoDlttD liatitntlon for the jwr oorteO June 30. Itwa. ^ 

A. O Iiofiflrt «n the Itwr OollMr ot Art tor Jwr ^ 

^ Atpendlx Re|H*rt of the Seorelorr Of «h* Sn.ia«oal« lortltatlOB 

fnr Ua* r^U“ Juia* BO* 1(M3. H—KS. 


EeppcctfiUIy submitted. 

Tim SrcRfTAETt 
Smiik9^ian 


E. Po TDiMAJf, Acting Director. 


APPENDIX 4 

REPOR'r ON ’FHE FREER GAJXERY OF ART 


Sib: I hBve the honor to submic the twonty-fourth siinuAl report 
on Uie PrGor Oflllory of Art for tho year onde*! Juno 30, ID44: 

ttt£ 0ClU41trnQK6 

Additions to tlie colloctions by purchnw «ro ns follows; 


43il CMnac^ 15lti «irttiiry B. C, CtHnanaiiSil ol tlie 

fMitlitA wjm oT MHmr inal^e and nut; 

tocrnslatloiifl of cnprtt^ hhiI iinrkr« coppirr ttfutde nnd Dial, 
iliwljni Inrluwl MJift nili^d wlih a rfdjlljcls A iWTwrJiHFnfiw 

liurrlt»tioii IruliU* tbr foiii. x QAf^ or«r alL 

4L1 Cblbi?seT. JSdi OPUHitj’ B- Cl Hlfcorju (l^'saHly. A ^i^reisionlsil of tbe 

typ« h\s;lii gnMTj |4iiltin; UicruffiHtVofiB of ciipnto nnd A%itrlt« 

Tmcf^ of onfi pVin^otita Itt thu dMirn A 

■cti^r lit«eti}il;^ti^fi wttb k^ai} Intiile m lli«? boUonj, x 0^1 otht 

all, (IltDRTntedJ 

443^ OliLnw. Hull <200 B. C.-A, D. 221 L Mlmr. SllKor^S a Uack 

tmtlna wltli ottrrtay isf mt^n M^ni^a on ibo fOr* nod on tb# rim of tti^ 
back. Dn^ornlfoa In lonr i^llof with four chaninoTit in^nnO tbfi hfw 
Dtainotf^r ; OJ 42 . 

44,4, i.^hliift>e, T‘«iiC djrimolj^ (A. D- OHS-OOT). iJlIrfur, SarfmiM?: S 

nllv4*fx iniEliia irllli wT Ki.'rogii. Di>coriiiJoo of blriK onU 

malar Lna<N?tp^ aekI Howwr Ui mJirf. DlnuiEifr ; 0.1 (£2, 

14.5 flilneK«, T'ntitf d^rnaalr <A- fK Mirror. finrfa<«; A tlliratr 

paritia irllli oct'AfiEotial imiolM uf iiTWii nurmtc*, XX^rniLim of 
blTd4v 004 nolitiAlAv to iHld ivdlfiL l>limioEi!r: i}.^SlZ 

44-U. dil&M. v^ir\y IlnTL 34 c^tituiT^ B. Ci Mirror. f|iirfu<?o: n tA^mUbtfd idlrwr 
potlna wttb patrlipa of pcref-n nrmxo. nijcorallon; ftoo torlRnS trtick^ 
Apomid i»iib ditttigni In flat rdlnf vnporlnvpnwNl. Dlpmfi^r i OlOO. 

4i.T niitrirw^. Snl d3T]Ai4r (A. D Hlrror. Biirfiii^Ar m brlAbt •U'-'WJ 

patiiiii w!U] iiimMiliat of [crof^D lo«i]dOf npLllfni atht thn oiIao ; bOAi lEienut4«d 
with gn^ ■■rnifo^ XMomtloa In with iddltlona of rrd htj!! 

APwn plgmi^ol Iii,-^flpf1oii of £T chnmrtEt*. Dlmnotm O iBf 

44.6 Chlnew^^, T’un* dj^tiaitr (A. D. RJS^4»n. ttimr. Borfnm p Tnmlaiiid 

Alln*ry fuitlna wjib potrbos t>t flMcn aiunfo, DfcioratVui ; 

lArqi]i>!r InlAlrl wllh allvar and gold. 0.151} x 4kl50l 

44 , 0 . Chinese. fld- 2 d reniurr B. Cl MVrror Borfncw ; a btact paHaa with iwtchRfl 
of p^n AGTugo. l>watiition: turkviTTnod inriwds wilh a mnoo^b dfonlAf 
band and i mtt^iMpolAEnd iinr MiuwrlEiifKml In ffJuotrfpQnk ivllcf. Pi* 
AWflUTI 0;1WX 

44 . 1 D, %d'2d nftntorj B. d. Mirror. BurfuM: A blatil pdllna wliK ppl^hm 

of frwti Armgo Ehfirorirtoii In low llncwr rflllrf, fHamofer! 0.142. 
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mi. cbJhfw. ainm 4ruii(*ir. Ko ^r«i^ duh witu si-ipiw •ww *»■* 

rlui Budr of Imni* dm* pru? dar •bowinp tjruwn on »Jto f«>t-riiiiH eo** 
«ftd i^ith’iut <a,iftw, hH(t-e«T Kta«iMtlt u inwlltim «wclO* (Uui wui«* 

KmMli irPH (siKrfu 

-H 12l Chlitew^ fltim ilj?nBiltJ^. wflftiL BiaitiiL cdtett'O ^oi H ilefltgB 

of iLtw flum-ri lii Iww on ibP Kip. Bodj of 

(P^&liieO tii«lluni-(Tsj' clur, cin«*n)il ffltli n tTniwiwnati, fywntOi-Brnr 
elRXo whiA *hBT^ arwii in thlAw arcM. IKW2« 0.13T, 

4 ^;lS-Clll^^«f. Utkina d]fi«stj, Crt’left Luiis iK.’rli>(L 1*0 ot lK>wj^ e«A with 
tl H. # «t»^ RttaAwl J;ni' m i«* iiii'dii|{ twlcmatdd hn«J. 'Hio bodf 

iqn?b Lp of whilt* iHjircbUn* iwtumJ wlPi h ijwre wblle gluw lljMii wWtfU 
Owi dcwfttltin 1B iBiluti'd lii owfCltiiM' TtWf iuw^ »t mA l» 

KlAs^d In cifbnlffli. On Hie fool I'f *‘Uib au-m a sludianieter mu A ot 
Itkc *TiTIrh Ltmi 111 blue* 44-13. 0,131 s OlO* OTer all J 

44 U. aiSS X O.ios uvor oil, ( 44J^ lHn«r»t«l. f 
4110 CliVo»e* SuDi ilriiastr- ™th, timall plate, wllh M illBlit etimtUif 

.utl a uarniw Tim, IwMd In Tlie l^l, U ot wbJie poTw^ou* 

day ewenyl wllh a iHutfrotN en^wwhlto ataaa- The daronitlon of 
dndm. laiiutw. an^l wi**''*' 

lABK 

44.18. Chlumm, l«b ^aturr. CU'len Lnn* perb-l - irW-II5>. A idi^ v^l ^ 
a4M? tho Kay iji*' with " •»">** *m‘iiK"i'““it • a'^wJ^ hftftiilfl* 

■ dependlti# fmin drt«tiu hwda m rdkf : all farmed Innn h affile ple« 

wbUe turT^niCL W^hmI irtap^L O^TpO i on^r fllL 

ulcqueb 

44 ift. Jamm-uiv l.(f «tl. mmrury, Wflitn« tm* t,«rur*.b<ifco) la i?oUsh*4^ hl^ 
lai'tiiaif ird ^rt>) ilecumiwlln p^l'l «nd pfirinr. HiroiOTwaU'F (u« (/«*£■• 
(nij UlMl Un Uli tw® tllfil X OJZiM S 0--1- 

H^l Hill .-entnry, laii. Kanmlmra* f J' 

,.,Hab.d WaA laaiimr tN?-(rtO now lurataS brown. ^ 

Atymiiillivmitnm- butinrillna, and e^iiH^ 'L'tL ? 

aiutlwMff-pi'-til, Sly (U-awoni oml Hm diMiraj toriL tilw#**, eta, la d * 
Al»li-.tbn««0. rilltlrtraf.d). 

44.21 Japaaeia.. lOU. c^hirr- 

nnrl «nv In uj-pi'r IViUHlied black lacqiu’f frttrni htlald wltli 

dowJy ^.1 .timll AryBHntln'miiRm of «irta«« an> 

«iCLrjit 4 ^ wlllj llnfts of ttin O^XSt % * X35S. 

442S JaSow* lata Kth l^-ticT ta.. lfa-lmlo> 

(Nnaki-Jli iiptiit which tip. lUKorBllfm 1“ Tatylns topo* of 

atiil JillTfr SSirt-r drUjigiL <1 fSlT^ * ^ ffXW, 

« m J.wiLh, 1 «l I« «rr«I.ii't«i» wilt A. D IMA B, T.ihajmIm atm- 
Sa inll.l.» .•IB. irfrti ttKt >•«'■;■' '*•" ™- 

taltilnx all tlmweral ulltvr w.nn'r imnmlktiipi llt^orajloim eiwiitM tn 

Inclnitlng ituli:. alBtiatun'. nail kaWkO" '*^V*.' 

4l.:2t JopatifM*, ITiHiHh walury. wdiln* b<*«* (»a*«rt duk 

4424. 

44 20. 
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44^-Japanese, Hth-ll^rb ciTiitury. El£li;iK]ii m^dJcdoe cases’ of Tarjlioi 

4444 t jpe« ftud ikolpuL 

lad. 

Mhwncsm 

4417. An»»taa< 13tb oeolar/. TM tccaittlng lo ihe four Kraoj^dtiCi. 

Orlirtt^Eil hlndinft toolod httmi] te^tbor^ tbe loii covar adiamoid viih a 
em:lfonu tlettfii In tiaUb^adJi ml Its ccatcr a iquDjit 

cT?iUl coiitainlujF ft Qreefe crtHsa cut Into U l^um aiulL'fttciaUi^ oLb^r tumiil 
sllYcr nppllqti6i (*ume mlHlat'L Xlie text Is WfHtjrD on GS^ pyircliiiiQit 
lenTOs In dsiib^e coIuiddb^ \n Mttrffiror ‘^ronoO Is blBdu. eold, bsiI 

oecsBlanal Wuct, tw!. niid greccL lalUaLB, liMe Fftgefty srciid^ 

unil finr foU-pfti^ mlaUilnrftS vrkib Jlgutaii of tlii^ KTUbKOllsu— ^xpcuted 
Lti tolors wad ^’tlL Dfttctl 0^44 x 0X70 orer oli 

0.540 X <k^^ ftrerELB^ nftgie. (PJigo 28 Blostrntsd-) 

FAIHTIKO 

4S.10. Chinese, dAretl {^ oorreBpocLOesce with A. U5U- MlnSf Bj 

Wfin I'i (Cli^ns-iuLn^^f 1470™lKi0. Chfr^inlX^enimins nnd phio tree, fnh 
Ittlntioff an i paifex KtaJl. Daiefl mnd hj the artidt; iwa cnt»' 

phoas, odft iha 4ftJM ;50s«diiL QlTG^ x 04^111, 

44-1& ChluoseN duted la corns|H>sdeiicA with A. D. 1^184 Ch'lnjc dyuiLatj^ II; 
Tao-ehl (fL dreo A, U. l(iy^-I7tHJ>* LAndmipe. Ink etod mWs^a color cn m 
lutpST ftcmit ImriptLos. ilfttmltire, and foitr seals oq tbe FAlntlss; Is- 
•cdpthia ami three seald an the umuaL 0584 x A1S2. 

4A4J^ JufsiiiWr dated in cftirftfpoDdenct wlLb A, J>_ ITTS- Aitrlhated to fikjo. 
Ftlgrlms BQiiiif to ilAiiHlera In the sprlnj^tlmo. Color nud Ink on a 
dik kAkeawno. ItiKrlptlon, slaunluiCf rwo seatA 0i44T x 0A12, 

4ii Chiiieecs hfb centurj* Tmnf d^nAst?, Eiad belcndo^ to ttie dancing 
dgnro In the priKesBlaun I nOlrf 545 t fimtiacbed >. O^llO x 0,<l6i x 0,088. 

The work of Uie cunLLoml staff has been doToCed to the study of 
new acqutflitiona and of otltor objects ftiibmlttc<l for purdiasp* from 
die Eetd* of Chijieso, Jopanese, Arabic, Persian, and Indian fine arte, 
Sneb work involvea comparative study, readuig of inscriptions and 
seals, written reporte, and so on. In addition to the work within the 
collection, reports, cither oral or written, were mode upon 658 objecte 
and 122 photographs of objocte eubio'ittod for ctxaminJiiion by their 
owners, and <14 inscriptions were tcnnalated. A largo part of the time 
of stair niembcrs haa been givon to work directly conltibnting to Uve 
war eflort, stuntnarirAHl as foliovrs; 

WAtt WCEK 

Members of tbo stafl devoted many hours both inside and outside 
regular hours to work for eeveml Govemninut agencia. Five 
hundrod forty-two typed pages of •lapauese translations wero made 
for the Office of Strategic Serrieee; and a revioed translation of a 
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Ottide to Signs tmd Symbols aacd on Cbin«se mlitary maps were msdia 
and a campilfttion of a glt^acy of Cbinese geographicnl and topo- 
graphical terms was edited and revised for the Army Map Service, 
The Chinese character for “Victory” was made for an aitbit to bn 
used in connection with n pnbiication on the United jfationB. PbotO' 
graphs made fay the Freer Galiety field staff in Cluim were roproduced 
for the Military Intelligence Division of tiie War Department (S7 
prints) T For another agency, acverol Japanese documents were ei- 
aminetL 

Otlirr services have been given to varioiut iwraons. F<ir example,, 
6ft photogni[)hfi of Ciutiese paintings were presented to Dr. Shih' 
chi eh Wong, Secretary General of tho People*s Council and Central 
Planning Board of China and a member of the Cheese Goodwill 
Mifflionj !557 photographs wore given to mcmbeia of the armed ser- 
vioea who visited the officesj 34 military students nf the School of 
Foreign Service, Georgetown Univeraity, were siiown through tlxt^ 
Chinese exhibition galleriea; and in Santa Fa, K* Hex., a lecture on 
“Flower Painting in the Xear and tl* Far East” was given by a stafl 
maijibar using Freer Galleiy material, for the benefit of the Indian 
Service Club. 

cuLxNciEa nv ExmemoN aKn BEVima ro tub oou.bctios! 

Six handrwi eighty-eight changes in exhibition have been mads, aa 
follows : 

AwrlcftD pAlntlnffi: 

oils. 79; irnter celera, US; posiela SS: 

American vrlats (Wlitettw) s 
Etcblna*, aS; llthncnpho, 31. 

SIbllm) miauicrlpt». ft 
Coptic bonk conta, A 
CixUiesu arts: 

Bropiea, 4~1 bronie and Jndle, A 
Cemnitca, 40 . 

Jade, m 
Marble, ± 

Fnlmlns*, 117. 
ftllver, Rft 

Ikuintitre, bnmsn. 80 
fknl(>tar& atoaft. 80 
Kctmn ppllWT, 27, 
ajrlnn alots, 

Repairs to the collection were os followsi 

OneChliwM* hnsos" nuBUIrtd; 1 Penrtan pnititins fentnaruinfj S Japnnese pntat- 
ttiid rtsuomatifd 1 ®1 ChJiKw palntiiw boaad la |>oitfdllo ftsiHL 

SfulEitmvMl li^d 44^ octpwiTM npun It* odRltiil m tb* ftfiiire rif ilw 
do-accr <if tJw reiUtf 
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ATZEHDVUfCR 


TliC Gallnry lias Iwwii Dpen to the public ctoo' 

4:30 oVlfjck with the exception of Mondays and Chriatmus Bay. 

The lotJtl atteiuhince of vkitore coming in at the main entrant 
n-as 6:2.408, Fifty-four other vimtoi^ on Mondays liring the grand 
total to 62.402. The total attemlaace on yfcekdayu waa 35,eirj; Sun¬ 
days, iSGJJHi. 'Hie average weekday attendance was 137; tba avocage 
Sunday at tend ft nee, 315. Tl» higheiit mutithly Htleiiilani.a> was in 
August, witli 6,780 visitors, the IwwBjt in Lhioeitiiier with 3,31M visitors. 
There were 1,27^ visitora t« the tnain olBee doringthe year; tlic piii- 
puses of tlip-ir vkita were as foliciws; 


For BPiirrnl Infonnfltton -- —. -- - — 

Tn of tltK tiJiff --. 

Tf> r#nfl lu Lh« - - — 

To molftf trtktStij^ iuad idcetcliiiH fnim IfbnirjF 

To 8W TiDllflltli; mfjrt UiaraHjitkiiw;^-- -- 

To piiflrPWiiTilii' and *k-ctc!jCT, ---— 

To oxIilblitiTffl gnlli^rlMi uii ^— 

To ctomluif or iM^rekuuN^ nnd JllOes. 

To Aobmit for ff^niiiliiaTlon^. --- 

To iwt objpctM In itoot^,—~ . - -- . - -— -- 

iritifA^n^ron -, . ---- 

Far iiidfmi pAliinnje« nud iiatUiw - — 

pabiMnjiii uml — 

Tlbrtnli ----- 

Inriljfji palultfLi^^. _ ■ — - — -— 

Amirrtrqit pfalatlnr^ -— -- 

OriifUtnl litooiix t&t.'giirr ftiid IwmlMirfi. 

Onldtt^mK —- —---- -- 

Ail Kiilptutt.,-- - ___„ —.— 

Kjriiin MO ---..- 


_ W' 

_ SXt 

, 

___ c 

_ ST 

JB 

^ -_ P6 

_ LKK» 

_ 

M 

- 1 

__ 1 

-_ S 


_ 3 

_K 

_ 1 


iMJCEjrr wkkmce, iMxmmBiin ftc. 


Bj rpqufefL 2 groups tm\ h) tfie muiy mml 13 groii|J^!t In tlii» 

exliibilino pillcries for instmetiofi by mciiitwr?r. Tot^l nmis- 
btir of pereons, ®L 

Jouuary 2L ID^U: Tlie Din-ctor itin^mlnd a meeting ifi Kfi-w York 
nf ilt« Coirimitti^ of ih® Amtrrioiui Coiiocil ljronif?tl 5f)cieti«sa on 
Protection of njIrwrAl TroajjMtrn in War At^a^ 

Fcbrtisrj^ \ 0 , l&Mt' A lecture by on “Flimnr Pointingiu 

Peraiii and China/^ beftini tlio An^aricBii A^riation of tJniwrdty 
Women. 

Two Icetum by members? of the Civil St^nret* Cmiimii^aion worr 
giv<>ii to HujwTvisors in tlin uudkoriums Total uttcn^anct^, 224^ 
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Weldon X. ItfiTTley mign«i frtim the Civil Serviw ]io«ttuu of 
sup^iiLtendctil of fauiltlii^f iCAF-S) August 1&, 1943. Hb wot ap- 
(wintcd by llie Freer GaUery as suijerLiitcndeJii of building, court 
aud gronrula, August 16> 1943. 

Rita W. Eilvianlrf ttsigncd from the Civil i^etviee poaition of senior 
Gork stBiiographtT (CAF-^-'r) October 8, 1043. SJic was appointed 
by the Freer GitUvry an adminimrative Becri:l4u-y to tlio Director, 
October 9,1343. 

Ruth W. Holsley appointed rfeiiior clerk -sienograiiJicr (GJUf-oj 
October W, 1943. 

E. Harriet Link, derk-sieiioiir(i]dier (CAF-A) (raaaferred from tlio 

Library ol tin* Stiiilluwniau LiRtitutioii October 9. 1943- 
tlmcaC. GrifEih appoitiU-d librorian for a ptwiml nf 1 year October 

5!f/. IM3. , ,,. , , 

Eiirabeth HlU Mnltby. fornn r lilirmimi, trai(n.4 Mifis Griflitli for 

the position of librarian October 2VDeccniber 13,1943. 

TlHwiias R. Fiillalova, painter, who was retinal «n accenmt of dis- 
flbUitvFelmiatylO. l93T,iiiHtiiiiXoveiiiberti2,l94». „ 

Bertie Tiirrier, attendant at tie GiiUmy since ^oTelnber li, lUSO, 

retirvfl on Sovombor SO, 1043, . . u 

Kuth W. HeUtey, senior clerk-htenifgr&pljer, rtsigned on Dwember 
1, 10*13. :^he llriit cauar to the Gallery on .V ovvndwr 22.19SJ9, rtsi(fned 
oil February 28. 1922, and was reiiwtaietl S, 1930. 

Aliev Copeland apiannUKi attendant December 9, 1943.^ 

E. Bun iel Link pixjtuotcd to seuinr clcrk-sieimgrapher ^CAJ*-*i) 

December 0, IMS. • t* ii n*,. 

U race C. Oriflitli, iiblariaIt. was nuiiTicd to Charles Maiwe] I Bare 

nett. United ^?tules Artny .Vir ForifW!, on April 15, 1944. 

Borns A. Stubbs resigned! frertn tin- Civil Servico position of chief 
HdenUllc aid April 28,19t4. He was appo iitvd by the Fixvr 

Gallery a^i^tant In the Dirortor on Apnl ^ 

Glen I*. Slieidiard was uppmnlcd museum aid (SP-d) from guard 

(UP<’-4J April S4. 1944. l c- »i • .1 ^ 

Grace T. Wbitney worked intemUtmiily Ht the 
.Vvar East section between Dtftvtidifr 2, 1943 anti .funo',1, 1944. 

Other cliatiinis in iwretinnol arc H» fiillows: . , 

Hewitt, a 

August I, im prtiiiintcd to eergeani (Cl C-.>) 

V. Shcplmnl.guii.-d (CPC-l), from military 

diaries W. Frost, giiim) (Cl’fM). by transfer from Airport Detach 
mem No. &,GmwHv Point, Va., Auguj»t 2i, IWA Ltbol Ande^, 
rharwoinau ( CPC-2J, by tiantfer fnuu ilie ITnited Stales hatiuiittl 
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Mufieum. December t&13, Gcotgc Jonntiisiii guard (CI?G-4jif ip* 
pointed December IS, 1043. Pearl Fisher, charwQitiitU) (CPCJ-2), 
appointed Deodiuhcr 23,1043. Milton Wiliiuns, laborer (CP&^)| ap- 
tinted Blay 1,1944. Victoria I* Dickeiaon, charwoman (CPC-2), 
appointed May 4, 1944. George S. Young, esUinetmoker, appointed 
by the montli for special help in the shop. May 6,19U. 

Separation* frota tka tervlee ^—Gcor^ S, Young finished temporary 
employment as cabiiietruaker, Norember 4,1943. Julia A. Bobinson, 
charwoman (CPC-fi)^ transferred to the United States National 
Museum, December 8,1943. Penri Fislier, charwoman (CPC-2), re- 
sifpned March 22, 1944. Walter McCrce, laborer (CP^2), on in* 
definite furiouglt for naval duty^ April 4,1944. 

BespectfuUy trubruitted. 

A. O. WtSTLET, Direetor. 

The Sscbctabt, 

Staitheonian InstiltUion^ 


APPENTDIX 5 


RKPOfiT ON THE BUBEAtT OF AMEMCAN ETHNOLOGY 

Sta; I have the honor to fluhitut tlje foUowing reiJoft on tho field 
rfss8&rc1i4‘s> office work) nnd ot her operutiotis of the Biirenu of Annsi^ 
Ethnology during the fiscal year ended June 30* 19-14) conducted 
in nccordanco with the act of Cougre^ of June 26) 1943, which pro- 
rides “• • • fof continuing etlinolugical researches among the 

Anturtenn Indium end the oetivBa of Iliwaii and the escavedon end 
pieservodtitt of eicUeologic remaitia. 

During the fiscal year empUesis on ectiTltics concerned with laitin 
Amoricn hesconditucd. 

Dr. W. D. Strong, Director of the Ethtiogeogruphic Board, plauned 
to tvturti to his duties ai Columbia University soon after die close of 
die fisifal year, and the work of the Board will thereafter be cotidocted 
entirely by memhein of the Bureau stall. 

A» the war continues and the newl for si«iciallaed information grows 
less it. is expected that llie Bnrcaw may gradually a^umc more of its 
normal duties. 

SYSTCKAtn:! lu^EsncTira 


On Januarv 28,1944. Dr, M. W. Stirling, Chief of the Bureau, left 
Washington on the S'lith Nadonut Goograpliic Sociely^Smillisonian 
InstitudoTt expedition t" Mexico. The month c>f February wa* spent 
in the states of MichoacAn and Jalisco, where a photograidiic record 
wftS made of lacipicr working in iTrunpan and ricinity, and of pottery 
makinff in Tlaquepaque. Ethntilngical picture were made depicting 
the activities and enstoms of tiie Tarascan Indians of Lake Palrcuaro, 
From the Vieginning of aUroh until the middle of May, an archeo¬ 
logical reconnaissance was conducted in southern Vcrncrus, Tabasco, 
and Campeche, with the principal objwtive of finding the extent of 
the early La Venta culture in this area. Several new sites were located 
as a result of this survey, and photAgrapliie reeorda were made of a 
number of private arrhcological coHecliona. 

Dr. Stirling returned to Washington on Moy 22,1944. 

During the year a report by Dr. Stirling, ‘‘Stone Monumeuta of 
Smithem Mexico,’’ was isued as BiiMotin 13B of the Bureau, 

During the year just pa^ed. Dr. John B. Swanton, ethnologist, 
completed the reading of proof for Bulletin 137, •mie Indiana of the 
Southeastern United Statei." 


27742 
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A Htuiiy of lljf! mudt discussed Xorse eipoditioiis lo Annericn vna 
Dndvrtaken und * manuscript cuniplotod embodying tbe rcsiilrs. 

During tlio of tbt' yfw Dr. Swanttm fumif^hed to Ihc Navy 

Department more than 1*000 Indian tribal nomiia and iininw of prom* 
inent Imtians. to he (Lsect for naming war vcsssebt. Approximately iOO 
of tbeae have been used. 

Oix June 30, il>i4. Dr. Swanton retirw) from the Bnreiiu after 
almoHt 44 years nf Ferviee. 

Dr. Jnbn P. Hatringion, etlmolf^fil, eotilinu'mg his Amtricnn In- 
dintt linguistic idiidieSf diecoverwi evideiioe suggesting that Qutwbua 
and Ayrnam, the tangiiagcs of flic two mof* higlily ciriliaefl gr(iu|» 
of aboriginal &>ufh Aiiieriim, an* related to tlie Hobatv jitja^kof we.*dem 
North Amor ten. This Is the first time that u linguistic relationship 
Ixas been iudicateit between North atid South America. Iti nddition 
tf> tills Dr. Harrington Iws reduced tho number of lihguistic stocks in 
South America by cMinbltailing the rebtinnahip of many grmspFi previ* 
nitsly eoitstdered to In: separate. 

Because of his unique knowtnlge of htngiuigcs, Pr, Harrington has 
been called nF'ti daily hy the Offin; of Censonliip to LTiiLdate letters 
written in littlc-known faiigiisgciT from nil ovtr the world. 

During the jeiirseveml short paper? on lininiistic subjects have been 
publiehed in scienisfic jounmls. 

On July 6. 1C43, Dr. Frank H. 11. BoborLi?, Jr., senior im'lieologist.. 
went to Ahib’tii', Tei.. where Im* siient ."i ilaya investigating n prehistoric 
tndion burial which Had l»eii eipused Gl fw‘1. Iwlow the surfiu i" in n 
hank of the Clear Fork of the Brnr^ti River hy (IikkI water? and whidi 
was in danger of Ik itig washed away hy a new rise. Stuilir^ of the 
defHisitif at the site showed that Urn burin I hail ta-en made during the 
eloang days of the Plnistwetie or the beginning of tlie Rarty Recent 
geologic perimi almul lOjOOO ye* re ago. Tiie fikeleton was lurm?! over 
lo the division of physical unthmpiilogy of ihellniti'd Stalc'^ National 
Museum, when' it ban received enreful study and ha? added to the 
knowledge of the physicnl type of tlio eiirly Tesas TjidiHiia, 

Returning to Washington, Dr. Roberts spent the mnnindci' of the 
Slimmer arid ihe months of early autumn prepiiring contributions 
to. olit.iiining pictures for, isdUiTig the manuscript, and reading proof 
of a manual, ‘^Survival on Iviml and wlueb waa prepured for 

the Publiriittoni Branch of the Offire of Naval Iritenjgence, Unite*! 
States Navy, by the Ethnogeographir Btmrd ami tlie staff of the 
Smithsonian Tnatitntion. He later worked on a reTieinn of thl-S man¬ 
ual for a eecond edition and also serve*! as n consultant for a similar 
manual licing prepared for tlie Army ,\ir Forcefl. During this periixl 
ho also ftirnifilied information to several other bninchoa of the armed 
services and some of the war agencies. 
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Dr. RobcriB also worked on liis final repffft oit ilie ewavatioris at 
the Lindenuwsier Fnlflom Mim wie in imrtliem Colomrto, a project 
riimpletcd ahortly before the outbreak of tUo war, and vkhit wrtrto a 
I)umbel' of articles for publLcatiun in scicnliik jnuniais. t.>n March IC, 
1944, Dr. Itf^berts was apjKiiiiied u member of the Sonthgouiati Insti¬ 
tution’s Committee un Personnel Utiiiaaition anil from that dude until 
the close of the (oval year devoted wuiHiderable lime to the setivitiia 
of tlinl commiUce. 

During such iieriods ns the Cliief wils absent from Waahmgt<iiJ, 
Dr, Roberts seri'ed as Ajctinjf Chief of the Diireau. 

On Scptcuiber 1, 1943, Dr, Julian H- Steward, anilittnwlogist, was 
appoimeil Direciorof the Institute <>f Social AntlnmpolufO'.an aiitoll^ 
mous nnit of llw Bureau, reporting directly to tbe Secretary, llw 
work as editor of the Bandboolt of South Ajiwnnm Indians also cmi" 
liikUiMl concurrently. A brief statement on ibe« two projects will be 
found latoc on in this report. 

At Lbe Iteginning of the fisciLl year Dr, Alfred Meiruin. ethnologist, 
was teeicbiiig in Meaino City, through on armtigtmfini with the Nu- 
tionai t’niverKity of .MvJCico* He relunuMl to duty on August 1, ItiW, 
and iis&istetl Dr* Julian H. Stewanl in the prepatatiun of the IliuiJ* 
book of .South American Indians. Dr. ram was apiminUd jVisaist- 
ant Director of die Jiiatitule of S‘»ciiil Anthropology i;n .Septemlicr iS. 
IMS. He cumjileii'd four papvre for the lluudbixtk. and also gstlMirwl 
bibltugrnphirel niabu'inl for several oLlier coniribiitionfl and tusseanblcd 
notes fur the artkleti of tlie Handbook’s llftli volume. 

During die fiisml year l>r. Henry H. Collinfl, Jr., ^ithnoloiriist, con- 
t mueil hie work as Asaistaiii Director of tlir EthniJgi'ogniphio Board. 
Aa in the previiiiis year, the artivities of the Uoanl for which he waii 
riKpoiisibte concerned research in connection witli regiotinl and other 
in form at i on miuestod by ihe Army, and iiiliwr war ngeuciei 

He repnistfiited the Smiihsoimm Institution mid ill* Ethnogcographic 
Hoitnl iw »letOinicul ndviser to the EmtugtiEcy Kesciio Ktiuipmenl 
tiiiii of the Navy and wrote the Aredc.oMrtion for the liuoklt-t “■Survival 
on Ijmd mill •Sen.'’ Some 71SO,000 copies of tJlia dBcial Navy survival 
luaniial have hetm distribiUcd to the llret and shore ^tnliona. 

Dr. f Colima contribiilcd the si'ctioiis on goograpliy, history, and 
aiidirepidogy tor an arttclc on the Aleutiiin Inlands wiiirh will be 
IHibltahed iiBiine of tin* series uf War lUftckgronud Studies of the Smith- 
rfiiiiiiii limiitution. 

During liiicb time ti** wae iivtiitubli!. Dr. CoTlius continued his re- 
aenrcln» on the Kakimoand tilesoutliiiaiilcni Didiantt. 

Dr. Willbiii N. Kenton, ethnniogisi. coiitinn«i to «*rvi‘ aw rewareb 
yguniiint*. of (h* Ethnogcogniphic Board. With ihe atsLatajice of 
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Mias M(W' W, Tucilrar, h# hfls (naiiitsine*! for the EthnoinKigrnpliio 
Board tiie world file of srvo and tangnsge spocialiets, wldcb has 
grown to include more than 1U,0QQ eJi tries for all continents and ishuiLl 
afttts. This file has been extensively used by the militaty and oilier 
war agencies in their search for specialixeri iwraonriel. From this 
til® ® scries of fir® studies were prepaid, together with maps and in* 
dexes, lowing domestie sourtes of photognipha on strategic areas 
of interest particularly to th® Navy Department, At the request 
of tlitf ,\miy Specialited Tnuning Dirision, the FthnogGogTaphic 
Board commenced a survey of area and language teaching in th® Army 
Specialized Training Pro^m and the Civil AiTaira Tmining Schools 
in S5 American universities and college®. Dr, Fenton participated 
in the survey, visiting 18 institutions between December 1943 and 
March 1944, anti aim:® tliat time has been oecupietl in writing np ob¬ 
servations and pre|urittg reports for the proper officesy 
Di addiuon to this work, Dr, Fenton continued his studies on the 
tvui^e of the Eroquob, translating a number of texts collected by 
*1, K, B. Uowitt and A. A. Qoldcnweisari. Dr- Fenton^ publications for 
the jw weroi **Tlie Last rnaseiiger Pigeon Htmte of the Com- 
planter Senecas” (wiVA At H. Dcardorif), and “The Eeqnidnining 
Address of Uie Iroquois Condolence Council” (ofj, N. B. Hewitt), 
tljc Journal of the Washington Academy of Sciences; and an obitmiry, 
“Simeon Giteon: Iroqttob Infcrmsnt, 1839-1943,’’ m the Amei-ican 
Anthropologist; also several biwk reriews and notes in scientific and 
litenary joornala. 

Since joitiinfi the staff ui DcccmW 1943, Dr. Homer G. Barnett, od- 
thropologist, has aervcil as executive secretary of a cominitte® formed 
under thespoiuMirship of the Etlmugcograpitic Board for the iuirp<^ 
of ■aafUiibluig data upon tlie existing state of om- scientific knerwt- 
edge of til® Pacific Ljlnnd area- The conimittoe jncludea repreamla- 
tive® of the g^wiogfcal, geographic, lingiiiatic, political science, and 
nnthropological disciptinea. Ab executive eecretary Dr- Barnett 
ha® eorred cliicdy as organizer luiil coordijintor of thr eomlnjtkVs ac¬ 
tions. Since ««mp of the committee members are IfKatled ontsido of 
Washington, cotutiderahle cnrrurpondenc® liae been noccEsary aa widl 
08 meofitiga both in Wnahingtun and Kew York. 

When not engaged in the above activities. Dr. BEimott baa worked 
on the organization of field notes on various Sulialian and Norlliwesl 
CouiSFt tribes, haring In project a eeries of publicariofiK stniffling cul¬ 
tural change among tho Turok, tiio TeimshiaTu the Yiihima, and the 
Mnkah. He has just completed one nnmuBcrlpl dealing with the 
Indian Sluiker cult of th® northwestern United States. 
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otatmmt or aodAL jLKTauoFcLoor 

Afl sUt«4] (ibove,I)r. Juli&ti Ste^&rd, imthropologist, on S<pt€m* 
bcr 1< ldl3p twcniiiv Otrector of tbo liislituto of Sodial Anthropology^ 
nn fttitoiLomntts umt of the Bureau reporting directly to tho Seeretiry. 
As Dr. Stewan) was instructed in tiie official order e^sblisbing tho 
Institute to report to the Secretary of the Sndtlisoiufin Imtitution, 
there are presented here brief abstraicts frotn Dr. Stowiird’s reiwjrta 
to Dr. Wetmorct Acting Secretary, 

Tltc Institute of Sociul Anthropology was first conceived in July 
IM2 nud a project for its work was placed before the Interdepartmcn* 
tal Comniittoe for Cooperatiuti witJi the American Bepuldics b Au< 
gasl of that year. Its i^tated puriM>se was to carry out cooporalive 
training b aittbropolt^cal teaching and rescardi with the other 
America)) republics. For the fiscal year ift44» ^^GOpOOD was made avail¬ 
able for the work of tho Institute by transfer of fiiinds from the State 
Department appropriation. 

In September 1943 the Director vMted Mexico and established the 
terms of an ngrcenient for tlie work of the Institute with tho autltori- 
ties of tile Bscuela Nucional de Antropologfa and the Distituto 
Ndrional de Antropologia e ffisioria, Gtibmitling this to the Depart¬ 
ment of State in late September. After some muiitlis of delay encuun- 
tored b compleLing the ugreemfiiit. Dr. Cborge il. Foster, engagwi by 
the Institute os anthropologist in cliarge of the w’ork m Mexico, pro* 
needed to that country b May and started work m cooperation with 
the organuuitions mentioned above. Dr, Donald D. Brand also repre¬ 
sented the IuBtitute in Mexico iia cultural geograplior. 

So fonnal agreement hofi yet been entered into for rimilar work 
in Peru. SevorthfllesB, Dr. John (lillin, appointed by tlie Institute b 
January 1044 as anthropologist, otimraencod work in that country on 
an informal bnria. The nunnbing 3 niontltB of the fiscal year were 
devoted to reconnaiasance and toadring at Cuico and Trujillo. 

A meaiorandum agreement for coopBrativc work in Colombia was 
submitUHi early in 1944, but at lite cloee of tlia fiscal year it had not 
yet been rot>ortod out, 

.V new scries in social anlliropobigy entitled ‘'Publications of Uie 
Institute of Soria] Anthropology’' was jrtarted w itli two papers, wbicL 
went to the printer ju-^t bofuro tins close of the fiscal year, No. 1 was 
on “Hoiiws and House Vse of Uie Sieria TarttSesma.” by Ralph L. 
Ibjiibi, Pedro Comufco, and Tlioman MrC+u’Wv; N<t. sJ was entitled 
“Cherfin, a Sierra Tomacan Village,” by Balpb I*. Bealfu 
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oj- floum amexic&x isdivns 

Th«i editing of the Handbook of South Anun-vcan Indiaiw, bcgwo 
some years ago, tvae-contmued durinjr iho jear by Dr. JnSian H, 
Steward after Septeirdier t, 1M3, litider bis apiMintnioiit *3 Director 
of the Instituto of StJciai Anthropology. Funds foe the preparaiiinx 
of the manuscript are transferred to the Sndllisoniau Difltittitiou from 
the State Department appropriation for “Owperation witli the Ameri- 
taiiBepuhlica,” and the Bureau wiJi pay the cost of publieiitiDJi In Ha 
Bulletin series. 

Volume l,“The Marginal Tribes,” and volumes, ‘^TheAudeaji Civil- 
iiations,” were completed liuring the year and sent lo tine pcinter. The 
manuflcripts of volume!! 3 and 4 were nearly completcuL 

The Handbook is a truly cooperative project, as one-hulf of the 
100 contributors are scientiBU of tite other American republics^ 

Ol^CAL UrjiltAaCIIES 

Miss Frances Denimore, a collaburetor of the Bureau, continued 
her work on the iStudy of Indian music by writing a inBniiBcript enti¬ 
tled “Omalia Mufiict” with triinscriptions of 04 sougs. Tliis maiiu- 
script wis hosed upon n^ofeh in Nebraska in 1941 and Included re- 
recordingB of reverol songs that WEro recorded for Mi:^ Aiico G 
Fletcher by the eaino singers. The dote of tlie previous recordings 
Tf ta said to have been iS67 to 1800 and Uie songs are induded in biiss 
Fletchcr’e “Study of Omnha Indian Music,'* published by the Ihsahody 
Museum of Hari-onl Dwversity, and in “Tlie Omaha Tribe,” by Miss 
Fletdmr mid Fninnis IjS Fleschs, in the Twenty-sevcnlh Annual liC' 
port of the Bureau. Many songs in Miss Flideher’s work were recog¬ 
nized by men who had not Uie tribal right ti) sing them. The present 
manuscript includes old songs of OmaJni miUtnry and weial socictit'a, 
songs cunnectfid with the First World War, and songs of legenfls and 
Uxe hand game, 

Mifis Dvnsmnre compiled and presented to the Bureau a chronology 
of her study and presentation of Indian musie from ISflS to June 1944, 
This ebruuology was Iwetl on diaries, acrapluwks, and Eeporta uf the 
Bureau. Duruig a imrliou of tho year ahe was eugagod in completing 
the handbook of the Smithsoni&n-DensmaTt! culiectjon of sound recoi'd- 
mgs of American Indian music for the National Archives. 

immaatAt. wons a no FTTuniCaTioKB 

The editorial work (pf tlie Bureau continueU durittg the year nxider 
the immediate direction of the mUtor, M. Ilelvn Palmer, Hiore were 
bsuod emo Annual Report and siz Bullet ins, lui follows; 
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^ 1^ 

Stxilctb Aiumyil BeiKirl of tile Boiwq ^iC Amcrlcnii l^hunlrijf^Fi 1IH2-1W3, ^ pu* 

Bulktln IRS. Atillirnpolo^lirill pap«n^ munb™ it-f-CHQ A4 

^ flpk-t 

No. lO'i A searrfi for euo^i omoog ihp Cbitttnitclia Jndliiii In LsmliL^m Bj 
BYmnrt* ]>sti^£iore^ 

Ko. I20lt AT ^hf jal^'^ipni jnifT^ flu th? ncirtiicrn NoTthw®! Couft. Hi? Pfifllp 
Dnu'ker: with Hppendl?^ Emtlj icrtobri^ie Uun^ of Llwr BrlU^b 
GolumbUi Onnst, bj EtSiDi Flfiber, 

No. 21. Somo flotfcf flh M fe*w situM lu B4»tilflTt Cfluatj. South CaroHuft, b/ 
Ea^igliiii Fbiia^rr^^ 

No. 22 An f natiy la Aud intorprottttloii of tUc I'crunifi temftin? from two 
^tcs i]Oa.r B^iifnrr, SoueIl C^r^^lInJip bj Jkima B. GHULil 

No. 23. Tbo ocigtJiT^n Ch^PokeOflk by WlUlain E^ArtiTU GlUiirt* Jf, 

No. 24, ptilaon whnlEtif la Ai-la uuil AmuHt*: An AJLiitUn tranisferr 

to thp New World, bf Bol'teH. F. n^fitser. 

No. 25. Tbt CfliTi€f lodiliiiB of tbe Bulklej Blrrr: thdr4oct«l and rrJIgtou* 

life, by I>taiiioDd Johd^b®. 

No. Stt, Tbe quit™ arul P< raTLaB ewniiatlojtp l>r John H. Swttutim, 

BaJlello 130. Aotaropologloii nombcrs 2i-ai vUS+STTj K2 jflj., 

fi Bfcni 

No. 2^. XlUife of tbuludlimfl of Colmnbln^ hj ¥tnbtx» DvJnanionL 

No. 23. Cbocrnw mufllt* by ITrBneBa DEnstaore 

No. av S<nn5 ethnologicrtl data conicemlug one bundred Tueaiun pluals, by 
^cirrU Steg^itlA. 

No. Sd. A deflft*flptlon of tblftj lowfi* in Toiaitari* Murltfk by Morrti 
SteaordJL 

No. Si. Somr> wwtGini Sboiboiii aiytM fey Jultfln U. Sttnrard. 

No. 52, N^w nmferioJ ftotn fey LeilLq A. 1V1 l1C& 

HulZetin 13& Stotvs cuonuznentfi of flouMieri! Mexloo, by UatUiew W» Stirlbiiti 
yu+m pp.. uu pil.. 1-1 n&B- 

Bnllcrln 13», An lulrodnctlon to the remmlci of Tww Venertm. Me^xtrOi 

by C W. WelatiL ^y^l44 ppi, T» pJa. ^ ligA., 10 teupA 

Bulletin 140. Ornmle w>qncuiw nl Threa Zapotc#, Vom^mE, Mexico, by Philip 
Urncker, pp-t 4fl flpfl. 

BuUlftlD l-n, Cei-^lc frratSgnipby at Cfirro do Eo« UoAQiti FamtrfiDt, Mexico, 
fey miilp Dmcker. TlU+Oa ppL. SS pin, 210 dgn 

The foUtrwmg publications wor^ ki pruss at tbe close of the 
yearr 

BaUetlia X37. *rhc Tndliiii* of the Sontbettafcni Dcitod Stnien by Jobn B. 
SwuntciL 

Bulleiln H2 The coobmipcnrary culcttrs of tlie CAlillm liidhuiA hr Bflipb L. 
Bcflln 

Btillirtln 14.^ Kandlsook ef SwUb Amorieaa ImUrtna JinJIiio H. Steward 
JQdltor. Volume 1, Thm Marginal Triben Volama 3. The AQ4kan CtvBlnitiflTEA 

Ijlst of PublirtillaM of tbr Bureau of AJuericab EttLnolflgy. willL itidei lo 
Aulbura aod tlrlrai fCertsfOl to Jtme SO. 1014. 

PiiblicattOTis distributc4 totaled 14,903* 

In addiLian to tho regular work, the editorial staff of the l^utouu 
oditod the first two publications of ibo Smithsonian Institution^^ 
Institute of Sodal Anthropology* now in press. 
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LlltflABY 

Accessioiu during tlio fiscal year totaled l&O. There has been a 
sharp decrease in acoessiutis owing to war eonditiona. 

Tho routine work of acccesinning and cataloging new material has 
been kept op to <lates. ^Vbout half of Ute cards withdrawn from the 
catalog for reclassificatiun have bean rotomod to the catalog, with tlte 
new DumbeTs added and enbject headings correctetl. 

The library has been used considerably for the work of the Ethno- 
ge<^aphic Board and other war agencies, 

itnnsiB.^’iToirs 

Duritig the year E. Q. Canedy, illustrator, cootlniied the prepara¬ 
tion of illustrations, maps, and drawings for the publications nf the 
Itnreau and for tboeo of other branches of the Institution. 

MlSCEUAimTtia 

During the course of the yew inJomation was fumtsbed by mem¬ 
bers of the Bureau elnfi in reply to numorouit inquirios eonceming the 
North American Indian.^, bolh past and present, and the Mexican 
peoples of the prehistoric and early historic periods, Vanous speci¬ 
mens sent to the Bureau were identified and data on them furnished 
for their oirnere. 

PtTt 0 tineh—J>T. Julian H, Stcwftrd, anibrop<tlogiBt, was appointed 
Director of the Itistitute of Social Anthropology, Smithsamon 
Institution, on Sei>ti:mber t, iWfl. by traimfcr from the Bureau, and 
Dr, Homer G. Barnett was appointed as anthropologiEt <m December 
30.1043, on the Btirean roll, to fill this vacancy. The work on the 
Handbook of Smith American Indlane was continued under the 
Interdepartmental Committee for Cooperation with the American Re¬ 
publics after Septembor 1, lfrl3. Anthony W, Wilding, djerk-slcnog- 
rnpher, was appomted Property Qificer of the United States National 
Miiseiun on December 20, 1043, by transfer from the Bureau, and 
Mrs. Catlierino M. Phillifw was appointed to fill this vacancy on De¬ 
cember 22. 1013. by transfer froun the editorial diviaon, Smithsonian 
Institution. Dr. John R. Swanton, ethnol<^st. retired on Juno 30, 
1044 

Respectfully siibniitted. 


The SnearrAor, 

Smith^oniitn /n#fnfw/w»iu 


M. W, SrpuiW. ChUtf. 


APPENDIX 6 

REPORT OX THE INTERNATIONAL EXCHANGE SERVICE 

Snt: I futve tJi&bunor lotRibiniL tlic foUawing reporl on the ncti viUcs 
of the lutemationnl Exchange Seri^ico for the hscal year enUed June 
80, 1944. 

Fram liio appropriation ‘'Qenera] ExponeeSt Smit hson t a n Ineti* 
tuticni^ thore xroa allocated for the ezpotisee of the Serrioe, $26,137, 

No mone^ was allottiid to the Institution Uiis year by Llic Deiuirt- 
ment of State for use in mailing pockagts to Argentina and Brazil, 
so that tlie oo^ of andi mailings had to be miit from the regular 
Exchange allotment. These are the only two Aiuencan countriea with 
which there are no reciprocal airangementa for the excliange of pwb- 
lictttioos ufidej^ goverumcntal frank. 

The number of packages received during the year for dUtribotioD 
at liome and abroad was 40T,7ft4, a decrcose from last year of 105,696. 
These packagoa weighed a total of 243,180 pomids, a decrease of 5,46S 
pounds. This material ia classllied aa follotvsi 
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Packages oro forwarded abroad partly by freight to exchange 
buteaua for diatributioii^ and partly by mail direcGy to their destina* 
tiono. The niuiibcr of boxes ahipptd abroad was 649, an increase over 
last year of 6 boats. Of 385 were for dcpoaitorles of full seta of 
United gtatea govaramental documonls. The number of packages 
gent by mail was 89,668. 
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GO ANKVAL fiZPOHT aiJlTFISONlAN IN3TITUTlD^% iMi 

War conditions have mads it jieci*sBary for theXEistitiition to ^uspcjid 
filupmonts to tdauj fomgn GOuntri«^„ The countries to which 
ghipmemhi were bei^ made at the close of the year were as followa: 

Enacerti 13™isiihnrc: 

Great BHiala nn<! ?i(rTtlijpra ImlaiUl. 

Burtngak. 

Gaioa ot Suftet StKrUillit 

Union <«f Soutli 

loitla 

AtiStralLL 

Kpw SfioaUimL 

Wefftt^ni Hciu^pliere: A1 countries 

In the report for 1941 it was stated that the British MnBeiim^ Depart¬ 
ment of Printed Bw^ks, had refinested the Institution to discontinue 
[}\^^ siding of liie full flet of United States governmental documents 
for the duration of the w'or because of tlie possibility of dostniction 
of the material through bombings of Loudon, About tlio middle of 
tho current year the British Museum asked tliat the forwarding of 
the (Jovernroent seta be tissumed an numeroiia requests hwJ been re- 
ceivod for in format ion cotUaiUtfd in many of the docnui^nta. Accord¬ 
ingly^ all accumulations of official documents for the British Musonru 
were sent and ri^Iar transml^ions have eiuce been made. 

TKfEEXQX pEPijMiTTOIlIXa (IT OCTTlKSHIt^.VL tPOCUOT^fTS 

The number of seia of United States tillicinl puhUcalioiis reeeWed 
for trimsmisuon abroad through tlu*^ Inicmatlimat Exchitnge Serrice 
is 09 (5ii full and 98 partial sets). On acc^iuni of w^ar conditions it is 
possible at thi^ time to forward only 58 of these sets. The remaining 
85 are being withhatd for the duration* 

X>uriii|; the year Iron snd Iraq were odded to the Hsl oi those coun- 
Irits^ raceiTing partial sets* The depository in Iran is the Ministry 
of Education at I'ehmrij and in Iraq, Public Library at Baghdad, 

The partiaL^t depositiny^ Ui Afghanistan bas been diangeil to the 
Libraty of the Afghan Acailemy, Eabuh The depofilluiy of the 
pnrtial eet sont to Bengal bus bean changed to Library, Bengal Legls- 
lature^ Calcutta* 

A complete liet of Lho depositories follows. Under present condi¬ 
tions, e/intignmcuU are forwarded only to those ooiLutries lisled on 
tioms consigiinimits am forwarded only to those countries listed abore. 

moi^TTiyBim *sr rvi.u nm 

Asmf^rmx: Dlreect^a do UiTeffEleacrfMioa ArcUlvo, Biailoieci y IegEAlael6fi 
UMtiitnrii> iilc Evterlon:^ j Caltn, ttnerfin* Alrea 
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iosnuuA.: CDiiiffl£>a wvkJ lb FajHInmoiit iiniJ ^hUi^daI LflinitTi CuBbwrttn 
New Socth Waixm-, PubUc UbmTr ftf New Saolb Wiabisb 
QiTEvxHLAiTp: Pflrl UiJ3Mn>caT^ LKbrnf^t HrUbiinL 
Hwrn AWtiiAiii-! Public L^briii-^ Stiuih Auatnillii, Aild4iidfi. 

Taemaxz^i FurlLtim'iiizitj LlbriUTr Bobacl^ 

VioToiiii: Pnbbe Library of VEiftarin^ It^lboorao. 

AnarvaiJA: Public Llbrnir Weafem AttatmliOi Ptrtb. 

BELonjjtf: Rrijol^t BftLittllEs. 

H makil - ininlttilr^KAL'lDiiiii ilQ lirrOi Hki dn Jatieiro. 
l library of Fiirlliwiii?at, OfUiwa. 

MARETfiaa! ProrkbiHnl Hbtary^ Wlniiii™, 

0 » 1 '-uid: iitifftalarlTa libra Toronto. 

QTTEWJt tiibriiTy of tbe Lie^SaiufC of tto Ffi>rlt4Ci of <Jtw?b«. 

Hllillot^a Nacli^tnol, BaJiifotio. 

ciHiira: Bur^^u of iaiotomloual Eixcbuna^. Mia-tatiy of Ihlia^sniSflOi CbojifklEi^ 
Cfxuct^nmA: Etbllotcai BdBotA. 

CoflTA BzoJl: cm^Hjin dtJ Dci^aito f ^fijo JnlifmJMsbjniil d* Fubllcafl'IoibftaH San 
Jo«L 

CuaA i MliiLi^lio do Bqtadpb,, Cimjo IdtunmcToliml. Hobtiim. 

Cjtic^jtjiJOftiji^ do I'As&embl#* NptlOii&lf+ Frnflfuo- 

Kutievilto Dansitc* Vldftnakflberpi*^ fl^laknb, Co|*mbaB^o. 

Eotpt: Barmo do» PabjJciitlona, Wlftlaltro do* Rftftnca*. Cairo. 

ICMivffU: BlIflraaimtiUioEzii fStaif Library}, Talllm 
Fajruftb: ParJtium’ntitrT' ObrjuiT fifrlabkl^ 

FmaaA; Blbllolb^lie Nullinialo. Parta 

QtMMAny; nokhfftftaaeliattito Iiei liold^ainlnHteflitm fE|r WlBteniKbafi, ilrzl^noa 
iind Tolkablldimg, Bctlliu N Wp 7. 

Pawn A i Pfci tEalfiKho HTaH TnJi btbrtlioL, Bi'dib, N, W- % 

UixaT t 

E7(i3La.vD: Brlllsh Muifiouio, l^bdoa^ 

Lotioosv: Xdirdon Sobwil of ISoonarolei md PoIViIcal fUcpdsltti'rT 

or tbo Loadna ComtcJL) 

tibrary, HtnigirUtfi Hoia^ of Biidatwat 

JN11I4.!- liupiorEal Ubrftry+ Calniitn. 
iDEjkPco^ Katlobil library' of {rr^lMnd, Hubtlii. 
iTAtT: HLnlan^ro doll*£doimiloivG Nniloiinlo, Bomo. 

Jaitam; lEnpctlAl Ubmry of Japan, Tt^kyo, 

UrriA! Blbtiotb^b-T! d'l^lat, ILga- 

LKurca wN^iacflr»: lihmTj of tbo L^aiirtie of KntlonSp Genorq, SwlbEf!rUiiiiL 
Mexico: DIi\mkS5o G^^neml ik* luforiiLarldn, S^jcrtfarlft de Ctobcmodrta, MoeIco, 
D. F, 

NvTHiaLxyiia; Boynl LlbniTy* Tba HELtfiUi. 

Kkit ^^HAUkan; Gotiii-Jrat Anaaoibiy liUraryt WollliifloD. 

Notir-iiiMir IxEiuBO! H. M. SttillOEiuly Onk»+ BeIfnsjL 

NcacwAT: 1Jrilvor«lraf9-B!bnorh«k^ 03 (D^rcislToTy of Ib^ Oo^isrimtcfll of 

Nnrwoy.J 

PiatT! S*M>rlOii do Prapncaznlo f Puldiradouaa, MlalalyHo do Belucloim E^- 
tfrtuTiB% LUniu 

I'mjiifn: Blbllotnftliii? NoiloEiari!, Warsaw- 
Pi^artitUL: Hlbtlolmin KaoiOTialt LlibODp 
BmrAtnAp Ai^iidrimta BomliU), BaobamL 


02 ANNUAL BEFOBT &M1TH30NIAN IMJTITUTIUN, ] 


Cnmtito IhtctnadODiiI dfr Publleiiclinii:*, Awnldn dir Culto SoteSn SQi. 
MnilrliL 

SvTOKir: KmisUgn B[bU<itelu^^ Sluckbolol^ 

StrttKtCLartD; HflJ£ddi^qm> CcntnUe B«me. 

TmJttr: »ad EofriTliig. mnlsay cif fidueAtlnft 

tjfUhIm}. 

cv Eknmi ArmcAt I'morlA, TrAtuiTafiL 

OfttDiT aw So^TKT Bt3cuo9T Eefuslich: AH-^nlOD Ijonln MiHKOir 115. 

UKHA4in;: trkffiltilan ^cie«T fw Ctiiitiml EelQttasA wSUi IS>rGlg!i i}oiiiitrji»v 

Elerr. 

tfftvnmr ; Oileiii^ dk* OiiUo imGrtiof Inna] ilo Pablbiaeldiiea, M^nt^-rU^. 
TcxariiiL^: BiliUoUsea NncUiaal, CuntiJnaL 
Ytn]qHa.4vi^: Mlolatcre dc I'folucnllun. Be^ctrado, 

DEKHlTl>HCEfl or ^AJCTIU BCTi 

AFiiiPASffBTAf* S LilbEai7 6f th^ Afi^hnn ACEddmf^ EabaL 

Bolivia I Btbllncccn del ]Hlnii^or||} de ilrl tLtJdUM IiXt^inreQ j tMto, 1* F»«. 
Ba^n^: 

MmAn Giau»; DlrtctPiNa Gem I k R^^tatCattcm em U lnuAi IWkinaic. 
UamBii OtrtikVA; GoruortiiiiEail Scrmtarjr^H OUcd, iNsmatara. 

CAjiAbA: 

Almsst.\ : f*n»t]DtJAt librarTt ErliinJiitun, 

BamRti C'ot.tTttkUL; Prarlndu] Lfbmrj^ Vlertmia. 

Nrit BnmawifK; lA^latjre UbrarT? F^i^rLetoDr 

Nova fyo^friAt PrtkrlttirLal ScfriiLni^ af Nwt ScftlJa^ Halifax- 

pHiTfCV Bnwaafk lauLTfo: f^iHinElve and ruhWc Uhratj, Char|oi:t«t^EL 

SA«KATirircwAF : Le^bIsiIto tAbniff KeglniL 

Gliii'f Sk'nmar?"! OJftee, Det>«irt]£teut of Ilia LIbritj, fVilmobo. 

CmWAl NftUonia Ubmty of PfiplAi:. 

Dohttiytc.vn HAFtriOfCl BEbl^otecft all? la XTcIvenlalAd de Banto I>oailnErn> Cltnlnd 
TniJIllo. 

EcuAvm: Blblloto^ Nuclotinb Qnlia 
Ouaixuala; Biti1ldt«a Xaeloml, OtUitf^mta. 

HAm; KaUonala^ Fort-aD-Pril]Ci^ 

HoirniiaAa: 

BibllotL-cn j AmblYo Naclonatfi#, Toand^iilpa, 

UliLEatATla da Haiadoitf* Bxti^tinns^ TegiKlfalKA. 
l«4.an: Natlotifll library, Ee^kjavlk 
(jtiha; 

BE.VCJAL; XJthTarj^ Ikm^I LaglalataffL ABAtiuhl^ Haitiuv, CalcuttiL 

BifTAv OaiaafA; Bcvcinne Department, rninM- 

firtijiaAT^ UDdenforrvtMjj lo Ui# Gorcmtnfoit of Bnmbaj, GiJieral Dei'flrt- 
nn!iii4 J^ambMjr 

BimiiA* BtscToijif^ to the Goranment aaf Bimtui, Education Department^ 
Hacigoofi. 

PfCTJAa^ QiSof Socretarj to the OoTemmpnt of the Fuajnb. Lalioce^ 

UniTOi Vummmm nr Amu ajto Uonat OitlTertity of Anahnbail, APababnd, 
lUAMx Impmriatl UluliTf j vrt EdiM^atloit, TehraiL 
liiAq: Piihdc Dlbrarvi Dagbiladi 
Jamaica ! ColOEitiy B^?cfOtar^, KIoeBtoOr 
tAmsKtA ; DepaTtment ol States Mobtorla. 
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Malta : lUui4C«r Cot dw VaEl^t^ 

SimvmsLjkmtz Defmrhucifnt of Brns^ AfCnin; Bt Jcifm'Mv 

>vk!A«AticA: Oh ttelutloDiM UAtcrlora, MHiiitfU4L 

Pajiama: MiiiMicm-ki di^ BeindoDefl Ekctetlom. Fajhuba. 

pAAAairAT: do Hxlerloim ^cel6n Bfbliotecs. AEtmciijii^ 

Baltadok^ 

BEbHotook NnrlDBiiU San SsJTador. 

Hlatittojrlii do B^cLonEia Exterior^ Sam Siivadof. 

Tmamx^i D^maorn ftf ftoiPflljro AflaSra, BuDekok. 

VAiiCAir €rrt; HibiUDte^A ApofttoUcn Tftdcana^ VattcoM Cltjt IeaIj^ 

XyTTOFAm.uMFKfABF GCHAKCMG OF TUB CKTHOIAL 

Tburo are now being Gent abroad tjnly OS copied eAch of Con- 
gressicmal Becord and Federal Itegistcrj ilm nunibcr lia^tng been 
reduced on acecmtiL ol the war irom Ti, fully reported on year. 
The Library of Congress has amvnged to have an extra copy of the 
Begifiter fumisbed for transmisaion to Dr^ Fennin Pcrasii for use in 
Gonnoctlon Td-itli his work as director of several pan-AuiericiLn organ- 
ixalions ul Habanaf Cuba, 

A iial of the coiuitriee and deposl Lories to w hich tin^ journals are 
buuig forwarded follows; 

UOTorroKOB QF ikcobd aad ticfixijpi. AnaTOTka 

AaocsiTirfA; 

BlNIipMn I3«J Confroicp Fadduiii^ Bui^ct XVrm. 

CAuiitm de Dlputatlui^ QAcUia IMamiicl^n Farlaiueaairia, BiJ«fic}« Atrew^ 
BoletUi Qfkial i!te lo Enn^Wtea ArfvuttriA^ Miatfiterto ila Jostica e laarttuccl^ 
J'tUilica^ BneDOB Airca 
AuarmAUAt 

Coiuimpiiweftltli FftrUiimeut olid NaUtynal Ubrarr* Cniiberta. 

New Bain:n Wales i ULmuT of PatUftiiieiit of Wai«a, ^yAnvj, 

^incfieLA^To; CbleT SecrviiifF'A OEQc^t BHiduiEe. 

Wemas AvmuAU^n Llirrary of of Wcacem AUAtiana, Pertk. 

Bvajql^ 

HltJkUoca do Ccuare£«o Naclofinl, Eto dp JujieJra. 

A^AsDffAH: Archive, Bfbnctoca e Imorenta PublfcOt SkliinacHL 
Bahia E OoT^'niAdur do Bitasto An EoMIa, Sflo Solvndor. 

Eortarro Bahto: rrudrlt^atlu ilo £<tAito do !blfli4ritii SaaE^\ V^rLorlii. 

Em QuAiitfK ISO SuL! ”A Falffnicaop*' Porto Aloire^ 

Rfwrw g I JUhUotcca PubJJCfk do KriUl ilo dp Sprfti^* 

Etkrmn EloSEJcnaa: Oolcomi SodOliiiT^ Belfio. 

CACtAOi: 

UhTatr of Pnrllouirnt. Otlmwo. 

CHeilf irf ttiv HeiialP^ Hoiutea of ParlUcnetU, Ottawa- 
ConAt E11dlot«ra ikd DipltuUo^ UntiAniL 

tlRKAt naiTAiF j inflated Ulinnr cf tlia Pt»r4?iicn Oflice, UmdoiL 
OuiinrALA; BLldlotcca 6 j 1u AomotitPfl Ijp^ldtCwu GMAlemiita 
fJArn: BlhllnUi^HP NniliMiiilr^ Parma-PrliirtL 
Ho^VEFuajiii; ElhnidTra d?! Canfrefc NrtidoanU ^i**nrlpilpe- 
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Iprid^: LetsSaLatlVe Departmciit^ Stn^ft, 

fUB ^4Ttc: DfiJJ Elrwit 3 + Dubiia. 

UExttti; 

Dlroerl^u CJ«i*rBl de InfdiTmairWjs* S^cfFtarln il^ QdbA«nuiel6li, Mexicii, P, Ff 
BUklloc^ Bdninaila FTmuJcUD;, AlExji^o^ D, F« 

Adi^4«£^iiams: CrobenaadDr d^l IXailo dv A^imsrallieuti^ 

CiuiWfK; CkibcnLador 4Uii E^tJLdu de Compeicac*, Owpcfcbd^ 

OujjAfii tlubvmadjdf del de Oilii[^, Tn^tki OntEurtcs. 

Cuiuvahua: QobdrziitdcT del EBtitda de ChlLtidbtiu, diltadulitja, 

Cdux^iu: ^!Jl&dtco Oflelal dal i£«ii«dD de CoutiiLllJt, Pulacid da fJObldfri^k 
SalUltd. 

tiXiLiii A ; UuiMjtiiidvr del Kstlad^i de O^limn^ Ouiiitm. 

Duiul??oo^ OiiiliarDiidoi^ OdnstEtticlemiLl Eaiidii \lt DurnogUi Dtinuti^o. 
QfiAifAjBAtD: Socretar^ ‘GeMral de Odl^Eemti dai ES^todo, Oii&tuijtmtd- 
GtTiaBBDa ; Qabcmfidor del £«T4iki de (jiierrerap CblLliailclA|£o, 

JAixLBocp: Hibllnteca del E2dUiil4^ Oiiurliiliijuriiu 
LowE:MCAUfi4l:ltlA: (l^iberuRdar del Dliiitrili> Nettei iSeilcaU. 

MEXICO ^ del Gahlk^mOp Toluca. 

KIjaSGAcAji; SecrotArla Geuea^id de Oobiemo de] Enlado de Mlelioaciiti^ 

UcttuHi: t^iado de Ootileruv, CiiematAcm. 

NAiTABiT^ Gfrbenuuler de Nayifltt Teple. 

Ni7RT^X^6if ; BtbHatecii del Eitadu, Montecrey- 
Qaxava ; PerKkIloo oaciBl^ Pelftilo de Gabli^rae^ OoxAca, 
pupiLA: BectFtarffl Ck^mrrttl de G^btemo, 

QGixttsMti: Secret rid aeneral de Gobleraop Beecldn de Mthivih Querdtere. 
Silt lAHB P^™i| C4>iisn^ del K-uido, Slna Lnin Fubjal. 

Sdiaura: ODberneder del ^uedo de gEanloe, CuHacAiL 
:$o7Coiu : rlfilwmRdf>r ICftTedo dfi Eenora, Henaeslllu. 

TAiEUfiii>: ge^reiurla Gimerel do Gobimio, Sec^lAn Bu, Itnaio de Preowi, VllJji- 
hermw. 

Tamauutaa; SecFvbLrXn Gooenil do CtiiA^tiL% VU^orla. 

TutxdAiA^ BecnatailQ de Gobb^jDo del I^tadei T Ih^hIb 
V mcrr^ : Oobemador do! E^iedo do Tertitnc^ Depdrtiuonto de Goberuu- 
cldii y JiietidJiL. 4 a£iij;u- 

¥c?catA.v; GfsbetttndiijT del Emjirlo de Yi^nido^ Udrlilii. 

.Npr- Ootvemt A^eembly UbimiTF, WeUItistODp 

l^n: Cdmam do Dlputedoa, Liam. 

Uinan or I^pth Awca: 

Lihrary of Pttrnnmeni, Town. Capf- of Good Wii^ 

Bute Ubrmry. t'ltdoriA* TmiwawL 

TJmvmAr : DlerSo OUclaL Calle SlorlilA lim Moatevldoo. 

VtnmitLA: BIbllotecft del Ccfo^r^m, 

rOBf^tllN EXCUAFdE Afl^aEft 

There is gi viui below b list of buieeyB or BgaiieLesi to which consign, 
menb dTO furwird«3 in Loxeb freight whtai the Service is in full 
ciperaUon. To all countries not appcnring in the list, paekageB are 
sent to their destinations through the miiiie. As etutod pteriouslj, 
shiprncnts are forwordeJ dtirUig wartime only to tliu^ countries listed 
on page CO. 
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liwt ur 

AuzrxLi^ tU Ftatm 
\SQS1L^ rill FortoiiiL 
AJsni£B^ yUi Purtofal. 

Uia^iinf ; Bfnrlce lip^leo fichABB^ fmerwUiwiMiH, BibUtfUi^Nitw B&yiUc 
iMAiOUji, tUi Bpoin, 

CmuTA! £ijn.^u of Etit^nmtlolnU of Edooitloa, ChiingfeJina- 

CECCODAtLAVAioA: &erTlc<i iIm fidiiioae® IfiCematlsniAia, iUblloLbA^u# it? l*Afr 
semUl^e KntloDile, Pmsiic l-TlX 

DijrfeHAiK: Danrali fiflL&JiffeiA lermiattoquiitf, Ecktl|pE^J|£^ DAUflk# 

\i^t!jiiknbeTum Belnk^bi, Cnpc^luiiEtti V, 

E<rfTT: ©(n'ffriluicm PiiljlIci.tioia<^ Btilaqi Crtlro. 

mi^iiirn uE tUfl SdemUki Socl^is of Flnlandi 2\ 

edLsInkl, 

8enrlc0 Frimc*!!* ^ laictiiatlaMfflC* UO atie dii Oft^anOJ^i 

Fttrl*. 

OiSAMAinrs Ami!Tlkfl-lRMltEit» 8^ B^rLlan N. W» 

IjSE.iT BsrTA|!l JL5D lAlXAffllS WbeldDH ^ WosJflT, T2l N^OrtZ) CfrCOlAF lkiAd« TFlJlfiifr 
CtCD^ tjOfldOO, N» W, 3. 

Hu^niAFr: tti7n(;Br1(W LlhniTSfti B«r<U 5. Burijipiat, IV. 

lnT3«A: BepfiFkntentlpat atGanrrtiiticiH Prlailug and BtstlonfLrj^ Bouitwy. 

Italt: CJJIclo defiH S^^joinbJ InioraoslonflU. MlnlatPiis dtU’EducMlQne KnalQiate. 
Bd[ue. ’ 

JATJ,^; EDteniHtlo(CMit etchfliMje Scrrleff, Imperlsl Utmirr of Vf^o PAfk. 

Tokjft, 

Li&fvu; d«i JSdumBW IntMiiitlfliiAtiT, BlbUothftqtifi d^toE tlo X^tocl^^ 

El SB. 

LtfxsiiBDinKi, vEa Belirlam. 

Maoaouku^ tia Fmoco^. 

Ma wji u^ fla PartiiiiiL 
bloSAMiaqiTE. tEk Portm^AL 

NintiUA.M)#: imetnoilmBl E^lionse Bureau-oE tlie NetlieTJftiids+ Kujttl UbrarJi 
Til# llB£U#. 

Xifw SoGTtf Waim: Patllc tJbTsrf New BatiiJb Walee, SydaPTii 
NirW ^itAtAiw: Ocwrtl Ax^^ablj Uhmtft WdUnftaiL 

Ncswat t Scrftct Nqrr^«ii d« AiiduLacea liit£[roatlmiiiuT^ Blblldtli^qo do IlM- 
Yoreiitd Rojralf, ObIo, 

Paiati»; Jewish National and Ubrnrj, Jenaolcrin- 

rtKLxm: Bflrtice Ptolomili df» ftittqmatloiiutix, BlbllntMqoe NiiloBAt)«, 

WOTOW^ 

IhxmijLJ.: Sof^lo de Trocaa tnienuicloiiAei, BlbUotmi Nacloiml, Xilabm 
Oremaiiijva E BaEoac df Esdinnsea of lutGTTLBtlojiBJ PtibllcftllobAi ClileE Secre¬ 
tary'* OtBeftr BHaboneL 

fitruAifiA! Mlnlitf-re do It Froiwiando Kalloaale, Borneo 4 ^ loter- 

nalluzinax, BuebtrefL 

SoTiTw ATxaTULijji I So'ntb AaiTrallan Ga^^pniftisnl BareaHn Opirati 

Riont PflntlfUT tad aationwy Oflkw, Adeialdt. 

Sfifff; Junta 4t Ipffrrajnliln y julquialel^ti de Ltbrnt y Pemtai pani BihTenfr’ 
m FdlillcaBt blliilat(?rlo rfe Mucftclflfi Nneloue), Artiilda Catte Boms ^ 
UadniL 

BwncKa; Knoill^ BtblbtfiJjat Btocbliolni. 
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BinmnA]n»t Serrleft SuIvk Ow B<rl««e« intermittcmattK, BluUotlitauu GvnliAlo 
f 4»l«raU^ Bunc, 

T^AiiMAtc i.vi Secreuu? to Uie FremiBr, Hobart. 

TcBREt: Hinlnr; ctf BdiicBtluD. Dejumnuajt rtf I^IIhb and Engraving. latNUbuL 
i'trunr m ijODttt Anici i Gortariiutctit PrUtUuc and SmtloiwseT OlBe«;i Capo Tbwn, 
Ope of Cowl Hope. 

UinoN w SqWEr SociAum Rd'Chuc*: Intematlcmal Bwlt SacbaDgo Deport* 
luentt Soebit; for Cnittirtii BelatlanB witt Fordgn CrtaatrlBt, AtoMoiv, SB 
VtcnHEiA; PHbUe Ubrai? nf Vtrtorta, HcUrtnrti* 

AirswAUA; Prtlillo Ubtttr Waien AnetndbL Fertb. 

SiKKMiAViAj Steetloti dco ftphimy ea luteTDatluonuXi BOomite doe Affaleea 
ftriitigjaea, Belgrade. 

M. A. ToIsod, Tflio wins appointed nnder tlu Smithaoniam in March 
IflSIt resigned Docemher SI, 104S, after haTing been connected with 
the liuititution over ®2 years. Mr, Tolson was retired from the gov* 
ernment roll in 1934, but has since been employed by the Smithsonian 
Ingtitntion. He continued to porlom hia regulnr duties until his 
r»igiution. 

Clayton L. Polity was, nt hLs own request, retired July 1, 1W3. 
Mr. Policy was a veteran of the volimteer forces of the United Status^ 
having served in the SpaJiish-American war and the Fhilippiue 
lusurrectioit. 

Paul M. Carey, who enlisted in. the Amy in August 1(>42 and who 
was discharged therefrom on account of Ui^ility, was, owing U> that 
condition, retired from tlte Exchanges February S4,1W4- 
Bespcctfully submittad, 

F, E. Gass, Aoting CAif/ Clerk. 

Tire Secrbtart, 

Sndthioniatt. /ti&tUiiiim. 
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RErOKT ON THE NATIONAL ZOOU)GICAL PARK 

S™: I hnve Uie Jumur to subjnit the foUowing report oa the opera- 
tiouB of the Nationiil Zoologicd Park for tho Bscai year ended June 
30, mL 

The regular approprialaon made by Congress mis $277,130, of wjiirti 
$34,732 tfas cifsondcd for oTcrtUiift under the special legislation in 
effect for this purpose. 


OBOTJ>T>8. BUmi>lN03. AND fiStlU>SniES 

The primary function of tiie Zoo is to maintain and cidtiblE its col¬ 
lection of animals. To nccompliaii tlib under wartime cowBtiona, it 
lias been necessary to limit other RcUritiw strictly to niaitiLemmce 
work. No cstenEive improToments hoTo been made during Uie yuaT) 
and because of Uie difficulty in obtaining critical materials, even the 
maintenance work has frequently been of a temporary nature. ITie 
gates of tlie Zoo liave been open from daylight tt> daiic, and many 
visitoia cotne to tire Park after tboir working hout^ In general, the 
Park and the ooUection are in good condition and continue to be used 
and appreciated by large numbers of vifli tots. 


There has been a fairly consistent sbortaeo of manpower In the Zoo 
of abotit 20 iierconU This haa necessitated the employment of tern- 
jwraJ^ labor when it could bo ohtaiiied, whieii has tlirown a henry 
butrlen onto su[jerTieore to whmn such untrained i»rsonnel was 
uBsigned. The additional BuperriBOty burden hoe been wefl earned 
out, with the result that the care of the Park and of the uninuds 
has not heeu scrioufily neglected, 

On DecMniber 31, Head Koepot W. H, Blnckbumo retimd. For 17 
year* past tho rciinunont age he had Isscii retained by Eiecutire 
order, and on December 31 completed servlco of 33 yeore. Re came to 
the Zoo in 1 HU 1 as Keeper, ami was made Head Kreper tho billowing 
year. In 1913, acctunpaniefl by hire. Blackluime, he went to F^*pt to 
bring back a collect ion from (Jie w>o at Giaah. J iinibiiia, tlie National 
Zon^a large African elephant, was one of ilie Hpeclmeius ho hiijught 
bock; also tlie pair of cheetaha Uiat lived in the Zoo for nearly IS 
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years, Ou hia ratiremcnt the SmithaoDisji Tru^'tstion sppointefl Mr, 
Btuckbume canmiltant to the Director for life. In liTs more thnn half 
a ecnniry of continuous service. Mr. Blackbumc] saw Uie Ztjo grow 
from tile oHginiiT lot of ISJ speciineiia that he brougJil to the Park from 
the SmithsHSokn grounda in a wogoit borrowed fi-om the Hiimnne 
Society to its present aiie, 

wabtiuk rEOBXillUiS 

^ iomi have faced wartime dUEcnlties in obtaining food nnd sup* 
plies. Tile National however, bas received valuable assistance 
from tlie managera of some of tlie loi^go Safeway, A. and P., Giant, 
atid other atorea, who hive put aside for Uio Zoo trimmings from vege¬ 
tables, Those are picked up by truck each day and provide tlie Zoo 
with greens and certain tj-peg of vegetables. Tliroiigh the United 
States Marshal’s OfDce there luive been obtained conslderabfe qnan- 
litiea of wndemned for ana rEiaon or im other as not- fit for human 

cojietinipl.ion, tneJuditig several tons of peanuts, quantities of soy bcanii, 
and other products, which liavo been of material aid. 

ATmSDAXCQ 

*nie it tendance for the year was; 


J1U7-l?2i 100 Febmoyy __ 

Auxoai - 2W,fi«) MimA _ 

Bcpteoitwf ------- S28.50a J.prll _ eOT.SIK; 

Ortotwr - --- 142. TJM UAy __ ffilO StiO 

Nfl^THubiir- - M8,«0 Jitae _ Wouo 

OwMiibei- _ 42.Wl — ’ 


Jimairjf --- Ti;300 Totil . .. l,S03,f.33 


Although no uvtual tabuJiiuon was made, tl won apparent Uiat milt- 
U 17 and naval pcrsoimd constituted a vei^ substaniiul proportioji of 
the total number of visitors. 

There has been a good attendance from varioUB schools and groups 
who have coiite by whatever means of tramiportation wore available. 
It is iiitereatiing to note that the niimbor of visitors ia mtitv even 
throughout the week (liau hitherto, although naturally tiio nttnndance 
reaches its {>i<ak ou Saturday afternoons, Sundays, otid holidays, The 
number of family picnio parties lias greatly incrcaml. 

M<^icjiJ groups have laime to the Zoo for Ute pnrfKJste of studying 
certain types ofjininmls, and rht Ztm office receives many requesui from 
the U''ar and Nary Deparonents and other ngencies of ihe Govern' 
nnmt for information on biological problems. The Zoo coutinuos to lie 
a regular study ground for art and biology classes, ne well as a focal 
point for inquiries about n niiuals by mail, by telephone, and in person. 
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A^rquiamaN of spiicimens 

Tlje inline til mArkoi has nntiiraily br^>n rohlrlcrUMl by ihfc snail num¬ 
ber of ahipmenta beinj^mAde from abroidt but m modemle number of 
dosirabk specimens haTe been obtained by purcbasa or eichange. 
Among these are a trio of Dama wallabiee^f the two females of whkh 
buFe prodtieed young since tlieir arrivui from the San Diego 2kH)!ogicsi 
Society j a Diana montey^ also from the San Diego Zoological Society; 
A pair of cotton-headed mA™jo*9Btaj a pair of scarlet cocks-of-the-rock, 
and a young nrnle jaguar. 


mrra 

TJi rough tho Army a number of iDteresting and vulcmblc ?fieciinons 
liaTu Wn ofatainial Among tbedo are a pair of those mrs birdii^ the 
hagua^ presented by tba Free French OoTemment of Now Caledonia 
: hmugh Lt. Gen- A* M. Patch and brought to Washington by Ll John 
H, Falling ^hile on lenFe, On a mite«iuent voyage^ Lkutenant Full¬ 
ing obtained for the Zoo a pair of flying phalangetn anil a One carpet 
python. 

The Army of the D. presented to the Peman Gulf Command* 

United Stales Amiy^ through Ma]\ Gen. Donald H- Connolly^ a young 
Russian bear from the eoutliem Caucasus. TliLs bear^ ^'Mischa,’* 
brought from Persia to Washington under the care of LL A. J. Miller. 

From the Medicnl Sed ioti^ India China Wing, Air Transport Com- 
mandj lb rough Col Don FUckinger, camo a collection of Indian rep¬ 
tiles, ineSuding cobras, kraits, Russellvipers and a monitor hzard. 
These were brought to Washington by Corp. Wesley H. JDkkinsom 
Another inicrctiting ad<lition was a baby howling monkey. 

A completo list of doEors and Llieir gi fts follows: 

tueh 

W* AMt'rwiRf WjiiFlUeiitoii^ 1>. C>. £ Fi.'kin dnek?. 

Ord Alexander^ WaAklaftoa. B. C., ml^tH'LUicd Itulla. 

Aniij i\i Ike 3, H., Uifntmn OpDimutidniil G^n^al, PfiiilBa Oiilf ConunAuii, 
May {kiL l>atLiii| R CoimoHr- tE. ^ Armj^ OIU WorliS hrowu bear. 

Vr* E. Au^lnbetiaa, ArUcatun. Va.^ S idtcanati. 

lira C. .%H BflkvFp Wav^inftonv B. C., aULslInr 
Jack IMIdwlja, Winhlniton, D, tl, ftlUeiiiAr. 

C^nraa BaUciit Ei'ihmdn, HiU raewii^ iKirrt-taUed tarew, luiwli, 30 

wbUe l^ni^ lliartL 

Mw. Kdl Wjtthlhatoa. D. lammed lUsord. 

Dr. Vwal Itarfbch^ Wnmajijaiaiif D, C, etiiUfi nr hlni? simke- 
11 r* Q. M, Bitf*, Momtidrim. nu?wia. 

J. il. Btfnn^ Snrer ^rltic, Ifd.p trom^nnkf. 

Mr. Bflra, fVi^<TrlrlHhiLrt^ rod fot. 

lira John Rfvasler. Btthrfhia. cLlne-bdader! armadllfo. 
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JiLELPes O. Sranxcm^ D- 2 Pn^tn ilaok^ 

S’. Ceillh HQoJt9vl11i}| C-. Korth CnroUiiB Smt? MoBBtjm. Nh 

nUiltio 4>pcissmi]- 

IiniinL4 JL Cmntth^lli Ok«pel IPU, N. C,p i^errel 
L. CanJiy, SUtk Sjsrliii^ lid, tiurn wU 
Dr, 13. X Ganjer^ WMHJiliiftoii^ D. jtri>iiat blue heron. 

Mlisa Mni^nret Cartier pnd Ittes TH*ri» M- BSn?, WftflhUmtoti, D. <1. ficn?^li owl. 
Mli» Frunze* Chiifllidld WoftWagtant D. CU iilUifBtof* 

CliMf lcl^ Mcdii^nK Tah Iartll.^ 9 mills xnjifcui. 

Robert IjnndoTcf, MiL^ FtMn ditclt- 

JJr, klAr]i; E. Clark* CkrdDiECi Hlch Scll«>L WaAblngton. D. C., farter annke^ 
tlQg'r>Qfiefl sqdLo. 

Tom CallLcgwiiod, WaBhlneioii, D, CL, lfrmiitt]!ii. 

Mm. BLdward Cdatc^llcN WdftblnstbfU D. trd fox. 

K. L. Curtbi, Washlfif ton, B. rtiocociL 

Gordon Dnlfcr^ WASlUnfionr D. Ct 2 Cuxaborlacd terrAiHut, 

Jadkii l>n|dttn^, Wonhluftmi, B. CU 2 ilRenlora- 
diwEap DoMAvcn* Gla^w, Viu, ^^orn annke, blick 8iink«L 
GlcoEi Dlioo, Wajihliiatoui, D. C.^ nuj-inlleil bawk. " 

Joftnno ¥. DykHt WffliiJiftoa. D. CL*1iin>Iii 

H ihmlfip Wnahhigtoa, Pp (?.. bam nwl. 

CoSaiHil Ehrnn^ (adilrefa mirmnlnfll, mt^tnlled bnwlt. 

WXlUimi L Fciater, docInrlUi^p Wd^ bom narL 
F- F. roi, PyattiYlllo,, Md., 2 box Itlrtlm 
John Fmpebii Jr., WrmliLngtoa, !D, 

itm Ji^ti B, FmsTT,. t^akoom Pfirk* D, C+ S Anmii-Hii tondJL 

Frwe Frctidi Gan-rmuent of New Cnl^aimlJi, ibnn]^ Ij* Gust. A. M. i‘atclj. U. B. 
Amty^ 2 kaps*. 

Btr^. Ffeetiiau^ WnaMsiftan, D- rinf-nieckfyil Hibi^jiinL 

LL Jabn a Fiilllsift tf^ S. Anaji carjuM pytLon. 2 flyiof ptmlmifpr*. 

Slcptron OntM, Waabltigttin, B. C.t BjiniTE^w bnwlL 
Gordon QaTc-rp Thurmonl^ Mil.« ImlSgo auako. 

WLIILmiD C Gawloj, Ectli£i4n, Md ^ ^Feklii ilusiikji. 

EOsrr Ornnum, AVasblrtf Lou. B. white mbhlU 

Mm. Wllham BGn?enp Ihron^h e Ptirtwll JUoOue. AppIi:!sloiti Grtliurd, Groce wood, 
Vf., 2 dkft doer. 

Mrf. Chnrlc^ Gmr, Abmrislfiff, Va_ a Ps^lii derk#. 

GriJiTlIlo God(L, WaaMuftou* B. sC-, nlJIgtitor. 

WtUlM flalUtnnn, AloxnnaHA^ 2 Pritln iluohA 

John N. Hniiilct* fifth and WlldLLCc Serriec, Cbllofr Park, Msl, A m^aAovr mice* 2 
fiorlhnrTi T plrw lUnnH 2 b^tic-rnlled Mfikts. A tlx-iliiod rnt^ miinora. 

pUert black Jdiakc. 

HrEicfit O. llBffiasen»Tii* Waablnfton. 1>. C., bowliac iwniksy. 

Mrs. If. Bnnford, WaabLofton, D. d* 3 ciitioilca. 

Mf J. Idltnc Ifnidy.p U. S. 1 ITcw^ork fibbon, 

Bit^luird A. HaniLMnH Ak^xnnclrln, alllgntor, 

X W Harrldoiit Mt. BaIhIpz^ Mil, 2 iH^kla dusJoi, 

K^cbnnl T. Bockmua, WaablHftbei, B. C, S wlittn tDloe. 

Pr Hoy nnm* NotloefU fbitLtttte of HiaUb, BoibwliL. Md.. Ifl Amcrima toaclA 
Mm mi^hcn. VIrmia. Viu pilot miak^. 

Thoiiiaft M. nonklttji* Uund, Mil.p water itink^ anap^lng terUo- 

Thomiu M. JKipUiu nnU CyWe T. Ullm, Jr.. Ijunti. n.),, s iimpplRK turUe*, 

BiPQttiMl turtlOp 2 box ttiyOciL 
O. S. liowpll, BcitirEigirifi, Va, folnea pica. 
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Q^^rUon L. iemp; Op^ t4nrfcinB^L*. 

SttRM J, Uv JOiOUf^ WBBMu^dU, I>L Ct jftlliflfW-lllipC^ pUTUt. 

Mfi. W. A* r&leffWKti&ri Met* 4loiiliilif j«ljuw-|]CDd(>^ parrot 

^rt. fijiiilbal^ WiuhlngCc^i]^ D. C.» »q,iilrn^> 

JBinnt G. £ol|ihr» WitkbliiipDn, I> ftlUfnlQf. 

Mtml KftiulAJlp D. Ch rurd^nnl 

M». L A- iLfiJaKflVi SHw SprliiR, Md . Cultun couun*. 

Mis. AJtn Srilt Knanof^ ^tiarrrtown, Tel« 2 Foklti dntbt- 
MrA Martbjt Wn$bliiflionp D. lixard. 

lUlpli D. Undaii'jr^ iiSilirr Sprlni;^ UtU SJiappiog turtle 
Mis Uanri^ toTOL, It It, LtHitu Klittsur i;r^t Itortied owL 
Mrs. Lomllutf liOwe, WnidilligtOAp D. C.p Riljr foJL 
Fmuciita Ljona, WailttTkstDfit D, 0,, FrMn di^L'le. 

M^ Kl Mflckiu^r, Takfvmii PutlL Md,, pllr»t 

Sectlca, ifidla CbliiB Air Q»nauantl. Ibmtiiih OA Xkip 

OL, klnc v^Unir iDiUiin ccdicti, btaiidcd kraVt kitllU 

2 mouJtoi^ 2 tme tiuikiHi, f E^rer, 2 t^i tuakn. 0 pjttions^ 

Mra* Joho CX MoUdKr WashEngron, II. iX* 2 acbm flm beg 

George J. Urrr^ck, WAUfifD. Ot barn owL 

W. H- Hwitvli% WaiJklngtoD, D, C, fotek^riH^tuftJ nlxtit b^ron. 

n. WfL«itlU3jirl^4ii- U- lUinn?il tljuiit 

Billj Monroe^ WHSlilQgtolip D. upOfitttllU. 

Benin min UaUcr, Wn(dilnfftoij, D* C, pilot blnck imakd. 

KAtlonnl Capital Fark«, Woa^ilnitan, D. C. wniw enake^ Etdp«dF«h OnniliiialH 
tioUfrookl 

Uurry NemtaiP, WniltUigton, X>. O., 2 imigators. 

Fred Ofsln^ir, Flfch and Wildlife fiofirlre. WaAblkigtun, D. CL* 4 Uuln>ead€?f*. 

10 dlajnond-bark lemipTiift^ mod turtle, 4 tniitfiiO|:)ples. 

JcHHiih Ptffiiatans, Wnsblri^fon* D- C., 6 rlng-nocked snnket 
FrreiuDii IViltfick, D, ttcRlior raitleumke. 

SeCtl Price* Wasklngion, t). Cp gitfui mfer. 

Artnji ML Bfupet WastiirtgUici^ D- C-. 3 ^rudlee Osli, tfaree^pot gnuniuiL 4 bkiod- 
llne« lOO TrUildad lufplet cntftiab, tnnnA 
&ll«« Aoaft Eeifl^ WasblnelafE, It Pakin durk, nullard dnek, 

It Itinsv. OwTT CttA$ep Md^ 2 tNEkIn d»i^ 

Lt Latinince S. B^KkereHor, VTusLlnfirmi, JX CL* Buropenii i;«ldl!4di, wblus 
Ecbra AeuiIl 

Mrs- M. Ll Bite. WaBtiiogtotL. p. 0 .4 fficuioffi j dtickA 
Mlgtifll A. BoIe, Waathingtoil, D. Iio||-AW^I 9mki\ 

D* It SnntpBon* Brnttivomt Mit, 2 red-slamldeml hPLtfkt. 

Mim Etiirmla Bitia, Wii»kltj|{tPnH D. iU I^iih [nre^uftt 

MlJn Katherine Sater, Wuliliifftk^tiH P< C.. bladejRiAke^ 

DaJjlifl Bdiroeder, WAShlurtcnt 1>. C« 2 blue tiniEpm. ft PfMln patJln*. 2 dlnmond 
doTs, t^ban builfliKb. 

AlCied L. SctiwTueori WnAhlnitton. D. C* red tot 
Sandra Sejiuour^ BlverdaJr-^ Md.H Rrenl kncttoit rml 
CharJea 1* Stiai^er. West Hatoa, alUfator. 

Pff. A. \\\ Hhflrer, Ualterl StatHi Ainij- pilot aimke, blftck Bnnke. 2 cotipefbnaiK 
Z bliw prwfsfs- 

PntsT^ and Unda Bbnw* Wafibinfton. D. C« adl^Eor. 

Robert B. yberfy, Wnahl niton* I>, C„ Jwfwch *iwU 

Bolwtt Sbqatedt WaaliliijctgiH^ D. C* ft ffenw Ltordrt, irpottrfd tirrtle. 


niMta&—-& 
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UfiL R. Waalilni^DD, IX C^, paniqDirL 

OftTid W* Smuh. Hlimita!!* Du Dfl na&kn. 

Utb. W. el Sniltk^ CottiLf^ Cll^i ilcti 3 rliiK-ncekod dotiiss. 

U«trlJi Stiyd^Tf Wnublnctiaii, IX Omuberland tfftniplii. 

lira. Bfibcccq ffpltiirf jlelU Di&n BunnhrEiii, EletliesilBH lld„ -1 Pieltln dticlu. 

K- m Splreir. WftiXIngtoo. D- Pekin dadL 

MnU t* D. Stbre]-, Wfitdliti^loD, !>, <X. hiirdd (in']. 

llr«L Q^rgf^ 3tiiant)H(];i^^ Woalilngcnit, D. C.> AiJlgulor. 

RuU^ti Sviitgdrd, WitahlitiTton^ Du C, vnnn KfiaXe 

Mm (adclr^ iitLtv«afd£d]p 5 

E(]W(ird M. Tnt^Ior^ WaaliinjEtoDp D. Cut titl fQt^ikcy^ 

Mnm ft TIU 1 IW+ Dunn Lorlnjf^ Ti.+ 

H. K, TftJl Hodf^^ Iktlic^nlji, Ud.» gart^ jmehi?. 

Eatph C Wnlno^rj^ Ditited Siaten Army^ r1i»t4ii mdoliffj. 

FFtnk J. WnikvTp AtilugtOiL, Vt^ £ iigiiLrr^lfl. 

ft B Walker. United Sratfs Niirr^i Hydpc^p]iE(? Oflk«. WaGliliijitoji. D. C.« 

puInU^ turUi% fllaiiKiDd-^ck ^errnplD, prnjiEig motitta. 

% Wampln-p Wanlilngtiux D. C-. ^cfiTmu 

Wan] Fanna, Amalia Cmiri Il£>iw. V*-, red foXn 

ThiwJorr Wd^Muftoo, 1>. C.* pbii* UmnL 

Mrs. Hi WeUs, Waidilngtort. P, I?.. (JlamciEia-liadc U!r?npl& 

Eldnard WelK WiMiWngton, D, C, dt«ert eorlvtse. 

J. A. Wlii^^vrp Waslilngti^rk, E>. C-i spsirtiw ibiin^ 

J, £L WliJip^ WiLiblii|tn£i« D. griij iqiUml. 

Unrglf^ Msi7 Iai. nud June Akliwu WiikJii, WASbliivtcoii ontlfiiitiUl mblilt- 

C. Wir Wlltiam^n^ Wi^^idngti^n, B. ci^ttomnoutb mvcctudn. 

Bay H Wooldrfdstt Wnahlofftan, p. C* (UHgutur. 

J. C. WHghr. Waalitrifton. H C, wikkI 

I Donor tinkiirimili ^ bc^towhttea, 

ITi^TtniAL HEPlWDITCrfON 

Four sots of twins of ths common murmosst wore Iwrti during tht 

A €iib WHS bom Jniifl to ji, pair of Polnr snd Ala^ brown fcwar 
hj^bridu which were bom in the National Zoolr^cst Park in 1030. 
BlrtliB and hatchings during Ihe jear mclucled: 

AfARUAI# 


Jljle HD Md C^MHlMWllil# ATHHltitr 

AentrQ€ia ffldiro.._ - Asiatic lapir _ . 1 

AmmQtruffMM ___ Amtdalll_ _ fi 

B/Ooi ffamruM __ fingr ---, .- | 

BiMt &t#on*___ _ Blwon __ I 

Boft fndipHc.^ ______ 2etnL-_- _„__ _____ i 

Ha# laitfii S . — - —---- llrltlsh Park calUif--- .. % 

CQUithrif ___ Cctininun nmmimrl^ f 

roairliM barfridivifi^^ - ., _____ ftartrlsn _. . _ % 

VtreopUhe^TUt arfhlQpst ^ flrnim f fitman ____ _ J 

Crrv^M _____ Elk . % 

Ch 4 >^jmiM tfOortiMla -- Plguij 1 il?pnpaiamiui. - \ 
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dsiiul ___——^ ■■ ■ 

Dutvpfoei^ rroeonot^ pr^nojopl^a.. . 

DuHrkQtU p^t^onor ___ 

tontiolor _____ _ ___ 

im}Qhim€ _ 

ir^CTQltlt pFiniJVll»lll4W.-. __ ... 

Mpimstor ^^opp}^ — --- 

yat tuf .. ,. -- - 

y^Ofmm ^N^Idfiu tlfMMrffH _— 

On^fc^ii ffCOffroyL - 

Ovit _____ 

Pranfon 

rAdJifrtflojXUi^M ^ ----^. 


WaUirn tew _ ^ 2 

Wbll6 ftilLEfvr - 6 

-- I 

Paifltfota4fi __ - , . t 

P tiiiiit- _ 4 

Tahr,.. . 1 

Meadow _ _ — ~ I 

Contlmtmdl - - G 

Euu&il-CKlk'vl wood nit —-— a 

Hi^ttrcuf^w Cttt^- _ * 

Woq1I«s« or Bdi^iloi Khfcp_ _. . ^ 1 

HlMtle mwomi-1 

Hfhm Nac __- _ 1 


^IMJ _ 

^rdqlii cONizdinuii_ 

Urdn/a «incjd«M’t.i wtdt^ofCr 

€«{r|Hd nio«cAa4a--- — 

/Srti^ americium _ __ 

Xttmj HimeAallffiuiitfit_ _ 

N^Ueam^ npeHtomx Haerfut^ 

Tmrt^r rbortiu^ - - - 

117f£LES 

* Copperbead wnn'bfe_ ....._ _ S 

, AlHguOCpr Itnird — -*— 1 

.. <Jnwn or mxnm tniike _—__ IG 

_ iyiml«d waUr ,,— m 

_ lln^wa wfttAf- tiiflki*- W 

- Mill west ^rior diuk^..12 

LjOSSEIS 

Losses bclude Uie Africian rhiiiocvroSi wtiidi died kfUr IB yeiu^ in 
tUb Ztw; n stow ^^{lc^ & jwts and 10 mottU^s; a Tnundrilti nftei^ 
18 years mid T moivtii^; runl the maned wolf> after 10 jenis mid 0 
luontbs. 

X seArlat ibis difxl after IP years U Eiionths; a spoonbill^ 

rafter 9 yearn 

A large rctidulateil pyilinHf dt«pndl^*d for eiliihilion by t!lif Wiboiii 
died during tint winteri A ca^ has been made of this enalEa for 
permanent exhibition in rlie United States NatinniiJ IMiisuum. When 
the dead laiuLlie was sent In llie Musoiim, it ineaeured 24 fuel 8 inobes. 
Since 8 or 10 incliAS of the lad was mlBsinir, ibis siMKUmtm was wall 
over SG feet in lengthy and the dead body weighed 305 pounds 
making it om of tlia largest aiiakes ever exhibited. 


itvJH<fp'0don ___ 

CfrirAcmotvi wnflrui pnnnpJf-.. 

Na^riw 4fp^emt'Uiala. ---- 

yalriv --- 

y^irim --- 

TAdinno^aif 


__ MfOOma dii£k_^- _ n 

_ _ Cuiutda CO 

_ atMJBfL __ 20 

_ IliiKQTy tftldc-,.— ___ S 

_-. AlBl^^ican coot _... — __ \0 

__ SljTCt fun..- . _ . _ 2 

BEack-ctownod aiittt liiwito -— 19 

jUIng'JHukcd ilorrA.. ___ 2 
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A li^ of the animftls in the cotbetiem follows: 


ANIMALS IN THE NATIONAL ZOOI 4 M 3 ICAL PAJIK nTXB SO. 3 W 4 

MAMMA 


UkUSiimJJAA 


Piani 

Pldl^pliUdnet 

XHMpAii , 

Ptinlaniterldiu!: 

PotaoruM UTotifxpM—. ___ . 

l^^olctnoU^ _ _ 

Tr^cA^itini ___ 

Hacivpo(1I4a»: 

D<mdrt4offU$ Ihm«ii« __ 

Dm^rotuffui fiiKVifiii fitutOhL _ 

JIottdpmi iWflfOf, — — 

mtffmd ____ 

FtuLbcii^octkyldiie; 

__ - --- 


C^ihiniifl ummt JfHiller 

Opvt»ma . . . . . . 4 

tdnss^T df In# ptuilafifsr ___ 2 

AtMfrvHilci Orlftff jitiDlattii!T^^-2 

Viilplzte or bmuti-tiiUi^iJ opru^tmo— 1* 

N>w QntiiM) |TM0ii]gqn^» _ _ _ ^ 2 

im lAUfAmp - 3 

Gnial fTOy faoiilpartKJ.. __ ^ , 1 

Dsmni — -- E 

nitid«r« iMiand wombat _ - ,.-__ i 
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mtm* 

Borlc^dujft; 

srmiNa ^r^iHNiiifct __ 


PtSHCTimiA 

Otmmmm 




— I 


eAftSiiraMi 


Fcllduc: 

_ 

ryjrt# conco^^ — 


ccHicolw pafdtfijnfrti^—-- 

cotwolor X JMU mc^or 

KKmtaA _ _ . . . . .. 

tisa— -*--- 


FeiiM OthH- 


Ol^eeriiili —--— 

Jiiiifi& tfjir-— — -- - - 

Fiinin ^— - - 

PfllflConlim fTYimu — ___ 

Kfirth 4ffijL*Fl*?an X Month Awrkmn 

pcmio ^- __ - -— 

___ _ _ 

f JtCliAi 


Arl4« pwrtlAff^^ 
i^iU pdrrfiii-^ 
Ff li* OffTif_ 


^ijidi jlii|'itur_ 

Ocftlol^ - 

f ItidliAn Unrni'il- 


FflU ii^ Smff^piiU. - . 

J^JjL* Mumalrne^^ — 

offM. 


Olfick IndtAti l*HJiiflrtL*--— 

fkrDgiKl tl^r-.___ 

^iberUiii ItBcr—----— 


Lvn^f rtifuM 


_8lanAUiui 

__ BAj Ijni— 

_ ^jliWr . - 


S€ot4iU ntrbutw^ 


Prof^Hs itfwmliioHt- 

'Vlri?ri:Iilji&: 

Arcfietii 

Viveittctii ^ 


ftobcftt__ 

Oedltroiya cftL- 

Gold^ cflT__ 


. _ Btntkiniiir- 


IfjrotiAA fArfffn^nittf^ 


Afrlnti rlT«(- 
JJwarf drat_ 


^^mwi|iXr«i44uj_^-- 

CroentA croruto pmniTiiTAJ---- -— 

CUnldafTT 

CmU luirtthM - -- - ■ ■ ■ 

Cnmh 4a( ww X familiarity -- 

€aniM ivpu* ^ - 

Crtw# mfM9 -- — 

Caon jaramkm tumairanaU -- 

Dutirv^ niipamu ——-- 

J9KMir|r«ppi lO^rioOjfOw) — -— - 

NyctrrtuM proAirof4i«iea^„-_-,-w 

Hii<rf«i«rvcnltfii#,_ -- 

rt/pfi fultm - — - -- - 

ProcyoMaai 
]ta*m nnri^„ 


Stiuilt tOAtbiad palm -- 


Knat AfrtcAp hifmt 


CoyiriH --- 

Cnyole mad dog hjbrlil- 
Ptnlaa wolt -- 


Tf?Ma rad -- 

BiimiilFAn wild 

Month Atni'rtMin foi^_ 

Stiulh Amedtiiii 
lUirawpn 
Oror Wft —^ 
lAml f«-—— 


i^ofuo nc7§im^ _ 

PotOM ftavam - - 


PrvtfpoA lalor. ____ 


Ooattumndl -- — 

NdjKfn'i wittmiiTidL 

EUtkaJoB- 

Ttom»n --- 

Black wifmion^— 
AlblciA vnocoon — 


1 

1 

5 

1 

4 

# 

6 

5 
% 
» 

4 

-■• 

2 
1 
4 
2 

1 

t 

1 

4 

8 

2 

I 

1 

X 


2 

1 

£ 

ft 

1 

S 

1 

2 
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ft 

1 
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—camtiu u^hI 


Itufiiritfcliliiv : 

Sa*MaH»cut 

Mu«t4!*:Lldae: 

AfCto^U^ roW«rtf — 
0ri«O9tftFTo hifrO*«^ - 


mim* ifiwi'iirr 

miTf-iflU isr cfkComMi^ -—- S 


Hoc bailffer--— 

Orlpm—--- 

llorlda flHOT—^ 


iAitra (— 
{LArnpmtfate) Amt* 

rWL-- -- 

inctci if-^i^TlkynchuM. — 


jiuffiAMi# Mlfrii. —— 
cgt!*jig<*Wj, - . .. r, ■ - 

JUiiuriirla ATvtm^tnti -—^- 

T'tfirra barham ftsrAffni— 

UmltliiPS 


3lllllU■ciaw(^d iltHT- 
MUtlc 

ChlnAse bailc^-w. 

Eitel—,--- 

SleanlL 


Elmliyi 1 ™b£ wpajwl ttf g nn fc nfr.. — 

Frire t. —--— —- 


_ White tayrq- . 


Grar-bcaded 




einck taear- 


tMManv* 
iiriVinu4 

TAafairctOt miarfflnitK^ — - - ^ ■ 

TAntaiT-tof nwrWffflwj X Ur*uM mi4^ 
dmdt^rtfl - 


__ Hlmalojan bear- 


lfa1n>- or ma bear. 
Steih brar —— 
Pel if Imf - — 


ftfbrlil bear. 


omAtu4^, 

tJrwu* fljTJo#- 

Fmii iHfjridroflotU -- 

l^rtM (Fl^#- - - - 

Ur*u* middmdorHi - - 

CTrfftt* tUk^tuU --- 


__ _ Spectacled bear . 


EuTDpeao brown bear - 

EuToponn bfotnn bear-- 
Ainaka pmlnanln bmr— 

KodlAk - 

Sitka brewn bear.,— — 




Gtartldael 
plioclclnd 

Fkaru HaAonliC - 


Sea Mm — — 
pftcbk harbor seaL 


1 

I 

1 

1 

1 

1 

1 

4 

I 

3 

3 

1 


t 

1 

4 

1 

1 

t 

a 

3 

3 


s 


rnfMATB 


Ij^nundne j 

lAfiauT iiMmfrof— ^ ■ . ■ I ■ MoJi^ooae leiciiri^_-r — * 

dlUtrirktilael 

aollUhrhr /uccAaa __ WhUe-tTiflwJ njamioiie^- - ft 

cramrkH;r .. —---.- Black-tnftOO narmo*! *- 5 

Taaiortn CO^dSfKwatdoiV tamiiFlb..— ...-- 1 

T^mariM _ —_ Tetlow-haaded Umariii. -- 4 

Tawria eedtpw* — Cotton4op tutmrlj] --- ^ — ft 

rowar^a (leonforcftk*) TOJaEia*. .— Wcm-bciided or fctden Diarineact — 1 

Skbalrfdaei 

Bdimiri iCEttrM ___ TIU or pjulrtel - 2 
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Mttli ATM—COntlBB Ed 


CG^lfltLE: 

4k>ttE]ftfa pdlliiifa 

4f>riu -— - 

iTillfne«rt- — - — 

Ccbu« a^^H. 


C^mnnrii tutmti 


Sowlliig motik^. 


C?rbui caj^c^HUf 
C70A«t - 


Lugfttht^ - ■ ■ ■ 

C«rcv?plilteeJilH«; 

UorK!&ptiki£€ut ai^A^pj - 

Vmopithmti dfwi — ■ ■ . - - 

Cmopithm^ 4iana roJmt^v - - - 

UfTtopHk^M 


Unarvuixitm dr <iw} utmUtiiT- 

SpLdjdr nLOCulci^^ 

Onijr eapqctiitt— . 

Wllltfl-UllnOArcd EEptUJtlP- 

WEOplEkf - 

Woollu oiinfck^j. 


jfbHtrr 

.—^ 1 

e 
& 
2 


nicimn* p^tuvrist^- 
C«Ft!dpii^ecvi dp _—- 

Dymtiop^gd mflunfi -- 

fntixifa. 


Mamm irv* HtpfrfdJ-—-- 

iftiwn fHNiC^rll^-- — 

i^QdfidEt Zatiofft- 

ITocacd - - 

ilwioa 


VCTTlBt gU^OD — 

iMumi ffldfikEr — 

Hcklowaj mnnifpjr- 

lies^er wbltsMidMjd ^njaqfni. 
Wwt Affiom tpwiun — — — 

iJi>cir auifBij iir —- 

tnnrim i HP_ -- - 

i^van muoa^ne. --— 

EKoims macimaa^^ «...- 

Ctdtiet^ jftacHJTEl* — ^ -—- 


€ 

1 

1 

a 

1 

1 

1 

1 

1 

1 

■n 

I 

3 


JlodtHU Mpevktm^^ --— 

IfflHlEri^ira fpA«u^ -— 

I^pio - 

Fupip - 

Hi'lotikaMdad: 

HplQbtitPi npilU-^^ —= — 
ifyrp^Ci ^(w4fi#:fc,— —^ 
Bplakfitm *arpaculH4^^ - 

E^Qnflldii^ : 

pan — 

Ppnpo a&El4l-. 


plf-iKilvd &ui£ 44 infr-^- - 

Tpquo or twuiiiat [nBca.4110, -- 1 

lLc?d-£jftEed macftaud-— — - ^ 

Muoilrfill__ _— - — 2 . 

atianmi --—-—- ^ 

Octdirii IttlKKiii—, --- — 1 


Siitantrnn --—-- 

IIiKildck f Hrijoti —--- — 

(ElitwHl — . ——— ~ 
BIflmiiif — —————- 


_ __ ChliDpftnxep.- 


Pcngo 


Sdttrldopi 

iPwiMWd^i— ——-- 

CUvftim* fridifonflifa«ia ftu - 

Opnwnpi 

(j/PumniNi DPftw ——- 

Mnruipfff ^ - 

SmifrKt cforotiffirruU^^. - 

Sc^mnu /fA^v*pnl --—— 

t^ptolM -- 

BeteramjLdna: 

DlpodomyM i»ifTr*ii»(, - - 

iXpPdpmpi w(f/C— - — 


Wjjift Africiia elilfflpoii#ea — 
SuDuttrtui orad^tAJi^ — 
Borcmii omr^fiditii -— 


__ 2 
fl 
1 


WBiamA 


pikft-lvalf^ (fwiinl wpOrreL- 
lanlltieit fTutmd «iti!rfi!iM —_ 

Pin I OB pmlr1« --—- 

l>qii*rreL- - - 

Wcmdf^lluEk or irmiotl 


HLnitprn fiHF iiiTilrrpl (fllblno)- 
f-ffutp wbita ■pilniEl-^^.^-i^--— 
cbipmunbL—- 


UArrOiinli baopirtrt rul— 

Ofd"A knuiarftp rtl: - 


1 

3 

T 

1 

n 

1 

1 

3 
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Mamf 

Me*oerifxtuM - 

JfImlM fCTiAiyltmitoBJ— —^— 


putnurriii—contlniiMi 


Ooldc-Q hninAifT^ 


Nti^iomc^ sttwat^ri- 

Onp<^h<mif* lencoptuiiT^ 


Pi:n>myiiv* criaUuM «*irijwofiw, 

/«wopM. . 

fntcC 


Sifftiioion hUpiduM^ 
Uiiriilite; 

Mu* 

BtittlU CE/«Mq^nM- 
J^llyjC ifOrvtlltfra 
Hyairlcidae; 


lolNrAfoq ftrtiehrtfnufi^ 
o^ricttJiii#- 

Epitrix ^fcolff- 


TAcvtcm# cjnt*4iipiii^f 
Uyowiti>rldBic: 

Ettw$*iKiT cappm .—--- 

Ci^iiicullda^; 

CNiUffiftuA pfflofl i4n?«tlK*^— 
Haitpprncta. 


Rotihd lBJJca wwjd 


fBl_ 


GnualM3t»per moaitfs-- 

<ralJnii-bi:^«lod modfie- 


JVkMbcr 


1& 

It 

n 

1 

S 


UT <lDCPf 
Tme'ti fqoM. 

Cottod ml--— 


Whit^ tEDd otl»cr domiftfttJc - 

Ituot rqt and blade nt——— 
Wtilte and pL«J<olo™i rat* - 

Malflj porttipStie- — —.— . 

AfrEcan bmsti-taQed pofett* 

plot— — - -— - 

AfrlcAii pttrcnplud - 

l!hlck-Ep(ncd porcaplmi^. —-- 


C'fljpo- 


CedtJral Aram'lmii poEO- 


Datpprocta mcmnto prpfmQ^opha — 


SpGdclid 


ngOfUtL 


CatTid pcntUitM^ 


I Gulnnn pl^ 


Dnliitkci4iM pfUa&itna -- 

Bydrocbi^rldae: 

npdrorkor.ru* hydrockoenu^^ - 


Aitftora ipdDoa pif. - 

Pbtn^fao CHTJ—^ 




S 

1 

1 

Id 


•I 

£ 

10 

A 


I>|K»rfili)Q: 

Oni^/oFa^i dvafctrlai . 


LADdM^aiPEIA 

_ DozQcatk nbbli- 




ScTYkUat 

AwmdlntijrH^ rerria^- 
AHOa 4«jKtiJirwn«Cf- 
Auqh 


Bitiot pawfiia --- 

BUon — 


Bot 

BO* fvirrM- 
Bot iountt^ 


iio* 

iZuba^iu buhaUt^ 


AETtOLiCnnA 


Anildad 

Aroo- 


Mmintalo AiiPti-..„. 


,, On nr--— 

( AuaticflJi |)iff(iri_. 

ALbtnn bUon 
- aebti__. —« 


C-rpAolopAyt ^ 


TriffWi louibnm utw^ . 

JlijtbJand <pr Ky\oo iaOliL 

BrteUli l*ark -- 

tudLnn tniAiiLa^^^ - 

>ljLEii«?{drii daOOT -- 


12 

1 

1 

3 
US 

1 
0 
L 

2 

4 
t 
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BEPOBrr OF THK eKCaETAHV 


JlTckwliile mms 
Dovldae—OonU U lied. 
Ceph*ltQphu$ 


AwriDi>^tfrrur--^nt\m^ 

Carnmom u 


nJ^frtrtU. 
C^iuoA^rfei _ 


Orrotr&$tm^ orao^rajnu- 


Dlurk - 

WlUtfrlalSed pm- 

T^r- - - 


_KiitronnE^sj^- 


€ftys h€^a - 

04tU ifria ___—^ 

/Juii rwre^EMiiJ 
I^ocph4rffu4 pnjjinlrti#-- 
PmidoU n^nr^ — 

/vinWTM <wff^ ^ 


IbHiJi beto ^rryx - - 

SVootlna «f slicCfC- 

UoupOoit — - - - — 




1 

2 

1 

i 

1 


_- Tflk- 


Tamrf^trttfnt^ -- 

jj arii^ _—__ 


BhurnL nr blue nHav ^ —- 

Af^CAD IrtUTflli^ -- 

tf!ihnA . - - - 


__ Ails decL 




D'jim 


tied deer,-.— 
Follisw dect-^— 


.Stmniicem in*i«f^ilr. 


V' 


Wliite ibllnw di^- 


Sikii ---— 

Qimindd?: 

<?|rd/7d wiSiimtaUi-^ 

CaoM-UtlAo: 

f'ffiwtlAi rfj-o*>»«toHui. 


Hib-fnccd or dw^r^ 

JapAncfie dfior_^ -- 


Nuhlnn flnlfe;-. 


__Hirtloilhted 


_ Bttctrlan cJuueiS 


Siti«if>-bnn]lHK] Cflmel . 
LjBnui.-— - - ~- 


tomu 
Lofnq pwc^—— 
V^rnjntd 


ffwmkDoc^^- 


-- Otuiliifsi^ 
_ AJjMKtt — 
_ VUrWiL_ 


Tajwmldne! 

PtMuri ____ 

Ta^jtt jiiwiH-— - - ■ -- 

Siiiduc: 

JSabiriitto -- 

P^flfocA«TT(M - 

*rrti/a- ---—-- 

F]|[i[Uipiatiimldiiei : 

rfAttfiaiAft.- --- — 


C^llarcid jwccftty^^ -- 

pwct»fr - 


ILnblntasa - -—^ 

Eflift African trnn tifw - 

^ropcian wild boar——— 


H 

B 

3 

2 

3 

4 

3 
fi 
U 
lU 

1 

2 

4 

4 

1 

1 
1 

a 

ft 

H#- 

2 
*t 

w 

3 

I 

1 

3 

1 


Plpiij hltipopo^u* 

Bltitkoroiiuuua -- 


S 


vmnmmxctnA 


-- Cbapiiuni^B aftbrti. - - - 

IS^u$ gnmi _-— ~ Owry"* 

Ef}iiM4 grvP^i X u«fHiitf, _ —■ ^ctnTi-(i» hjhrliL - ” ‘ - 

£^a# X fWlafly*^ -—* SficLra-luifSf — “ 

Hfni& _ __ Aalatlc -Hd a*® KEhiik^ - 

__—--— Mon^Hlan wild boraa^^- - 

jr^uHa ftsbm _ - StonntAlJi lebrA..,.- 


4 

1 

1 

] 

2 

a 

1 
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PTsiwmArrru—condiitied 

Ctfvum«« JSrnm^h^r 

Afllftttc tii>(r* —-- 2 

Botktik ^merimu tuplr - ® 

Great IntlliRtt ima - hurnfil rliE- 
□ncaroa _ _ 1 

rusoactf^i 

Elep^tldAQ ^ 

j?lit|jA(l4 wmrttmnw#, _ Btnadfniti d«|tluiftt -.* 1 

L»od^nA» B/rioMB , Mii^aLn elcphiilit - 1 

itmcaniKA 

/ViortitHiii ___ _ Hjtu— ---...— S 

EDlCT^dkTA 

OhBloapodlilitc ± 

^/MorpM . . .. Tfri>-t»d itntiL— -^. 2 

_ Hal 17 KnnadniA — - - 1 

SapAftictHa - »lX’tiKii!*d wrodlUii... - 1 


mmt 

Ttnplrldiio t 

Amcodia Mtm. __—^ 

Tdpjrifct femwrrii _ 

BblbOcAitliJae ; 

Bhifwstw vnlcM-ivifl — 


BISDB 

luaTfjMnrwutv 

CauoArHdaa: 

O'ttaBBrfBi popilAlM _ PiipiLllJl USMUriU^ —- - 1 

CoMuarimM Aru cjiiMOWdrj , 1 

C^uwriuM MninppofAUiuMtii occipt-^ 

tatU _- ■.,_ __ Irtantl cMicrwmx - 1 

OiSfitaHiit untep- 

pmdUvlaiMw __ _ _ _ OtJe-wfiH!«l CftiBdwarjr - 1 

XhxanLeeildae: 

Dr^nnkHua - CWimuqou eino-^^- - 2 

traxEiisdroajizB 

Spbenladfldo: 

ApiPnodyi^* f0nUri^-^^ - Entpcrw pm^ln- - 3 

4ifm«rit» —,—^-- Ja«kAia j?eiipilii__ -- 4 

SpAtmiMcuM JlwfliMifft ----— Humboldt pmifntn —-. 1 — ^ 2 

Tmufrcun» 

UtmmldB#: 

MuAri>mta cfeyema ____ _ Crwsttd tlnun^ or martineta .,. . 2 


ffXJfuinraMiA 

I^Loradidoe^ 

_ CnUfomUi brown paUcoa^ -^ 4 

/^ofecwMF# _ ... ^ Anrtrollttn polkAO --- 2 

€iyfhrorhpnchM 4 _. Whlto --- — 4 

orvltfcmWiJ _— Itrwn imlknn —......— ft 

Pel^cciiMB ottAcrototiM _ Emropcflii pel Lea .- .. 2 

















































nEPOin: op the seche^tart 


SI 


JMntri/l^ mamr CiMmm iKUHi 

fioUilafi: 

MoriM to-iKntf __ Gjuuuft ___ S 

PbalucTMonicldae i 

vHTii^ Furallou oqnnorftnt .... __— 1 

AiUi I Etg.ltLiti'! 

unJUfliptfi. __ Anliin^^.- - -- HL 

Fr«fiitJdae! 

Prt^Qiu 4in<rl ___ _ Mipie« bli^d - ^ ^ 1 


eiDDRlUOKaiEB 

jLtileldftR: 

ilnt^ ___ 

jlrtot mriiCrnlilllt._ _ 


EifrieUix - --— - 

Ftdrida ___ 

U^drana4Ma iriffo^or mficvlliM _ 

Tiofopk^^sr ni>vc^MXntfdia4 - 

__ 

C^xMfULtMAKl 

CockUturiMt cofOe^riitt, - - — ,- 

(nconlliSi(}£ 

£Rl«wr[» ftutoopiti - 

Ibll durrf M« ______ .— 

£i(t|ifopi^w cnrjiiCTv(/<riii _ — 

ltpfoptU4^§ dwbfwi -- —.^ 

JavomUmM. ___ 

ifjFdcWit - - 

Qmn$ -- - —- - 

Ouwu flf&d X Q, rutm . . . 

<juw4 ml^rv^—_ __ 

TkrtikUrmu atfrAit>p^fni - 

ThfvikiomU meUm*mphfila - 

ThMikUtmit #plA<c>c4iUt - 

rbo«tifecipter{«la&: 

P^Qfivi^rDjifmit cAffi^Tvi^t _ - 

PA«Hrft(r«p/<Tiiii mftm._____ 


Gnat bJu* - - - 2, 

GttAi wlUi«^ bctqo. ___ I 

^aowj S 

XJttJfl hlM 14 

LouIoUha beruo_— - 1.4 

WliVte'fioKl l&Eimti^^ ___ 1 

BLil4!k^^<iiafwiu]i| nlgiit tkurotL __ Wi* 

t 

BMittbl]] \mm ^^ 2 

Woolly-ntclnMl 1 

MaIaj utoi-lu _ _ _ £ 

MitraLhiu __ __-. , ■ . I 

frtdfAa BcUutAJit- —-- — 1 

Lmer Hdjutjmt._ __ H 

Woi>d _ —- 1 

mite Lb^H ______ > S 

Hybrid wblfcp Burt waplift Ibtli - I 

Rcurlat Ibit_1 

s«cmi 1 

£)A£jC-befLd£ll IbLi ___ ^ _ 4 

Iblfl __ . 2 

Qill«ati OAmLiicti^ — 2 

Cuban flfiQiiBfitp --—- - 3 


AKsiairbaMia 


Anblitildiir: 

rJbiniitt tTWJajir_-_. , - 

AikullilAA: 

Ait fpOMt — __*__ 

dtopfjfAm Ud^ppt^PKL, _ 

ArntM dvfflF^liDa __— 

Atw pSat^rh^chtu _ __ 

Iftfit ruMpti , ■ ■ . ■ -- 

Atuter ^ - 

/Inter dHeFrivt 


Cr««tiXt •crtMtti'^ —- — 

Wood dude. —---—— 

i^pciAti - 

IIthaIIUiji taii^- —-- 

FdcJnff duck ™- ■■ 

MulbinJ iluidt^ - - ■ . ■ — 

Blade dtldu^^— — ^ 

MnorlrAn wbltfrfmotiHj sw»^, 

l^Dtilaiw ^ooBfi— . —- — 

AuatnKfui i^od cow — — — 


t 

t 

1 

2 

n 

w 

s 
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ArroCTmnicii^-ointTXii ncd 


ii4me 

An jttldjae—Ccn tlnoBd. 

U^jonta inanadmMif , , . __ 

firatM'4 Ci}«»£tiett4f4 _ 

Braata (Krnacfcn^U uocidmtQli* ^ _ 

Calrlf^ m<^crA[|fa —. ___ 

C7«uftrt« _ ____ 

C<irtfl|j4Kj ■ - . 

^ 

6^Aai c^CTta/ctictm# .. .. . 

CTArtieiplj d^rafft ___ _ ___ 

^hSMipho^^ lemaypiifTiL _ 

_. 

Cjffffiut ___ __ ,. _. 

Vpfinut mrMncoriphut ___ 

CSfm^ o?w _-_- . . . . 

/}ufila opwfd_^_ __ _ 

nafita -- - - — 

/Jrrkfmy^ __ 

B^ndFtfCteffrvi avturnmlU _ ___ 

IKrn^rwyjriw _ 

. . 

Mforcn wmfitkuma _____ 

Maril^ it^iiti _ _ _ ._. _ ^ 

Mit&iia mBitrit, _ ., _ . . . . 

N't&;h€H ^ubd^ii ___. 

Dctr^l/ttwe _—_ __ 

AVjffoit fmfiotnim- _■■ . 

Nyro^ up,-. - -,-, , -- 

Nyrcm t^aXUitn^fia _ __ _ ___ _ _ 

Phitocfc; can^pioa _ _._ 

Qmrqueduttk (Kwora ___ 

CatJiflrUdn«; 

Cit£Mirf£4 ftarA ____ 

C^rttffpp* __ _ 

Oyp^f^ra^ __ 

Ojfpit rmppeiUk ____ 

iiiifrOvUinphuM jMpq ___ 

Torpo* ____ 

Acel|>t{niLkft^ 

-■ifWjiMpr owfiflri, _ 

Dufro ftflfcnTnXi*__. __ _ __ 

JVufe^ IHi4«rriit ____ 

f{UtC0 ffHfitfllft __ _ _ 

But^j _____ 

iftfJw pfofypfmu . . . . . 

SMito poctilwJktmt^^ _____ 


C^IBIMN worn* 


7^ i mher 


CftnadA pjw—- 

^BL*_ 

CacWitH 
WhU€^<lH^el^^^3 PHB 
llufloorrj flcick„..- 
J^nrfulise 


Clllic Bfifn)E 
Blqe 


Blade itwpjl. 


Hafpllim j^owD- 
tXviQgiitle BooHB^ 
Wlilfltlliiff inmiiH 


BlPck-ntt^Lf] awmi . 

iitltE £WAU __ 

t^ntM __ 


t^tiUonn silistaiL 

treCi ilEdi ___ 

Biadc-Udllnl trwdntife ____ 

Whlt^fDc^ trw 

MiLEdaHti i!Qdc _ 

_ 


Li^swr Kaiq^ 


EJiig iwki!^! tlftfk- 

Oflnoert _ 

Gre^'VrmtfKl iwl 

BaUAl twi _ 

Bjbrid dtick _ 


CMIlTHlkttCfc 
Einpmir e<wb&_-._ 
Blae-win^l Ml _ 


25 

4 

5 
25 
11 

1 

•n 

:; 

o 

«• 

4 

2 

^I 

m 

hj. 

1 

5 
0 
1 

5 
2 
4 
4 
I 
1 

1 

2 
1 

6 
1 
1 
U 
0 


Tdflti^ 2 

Blnc^ Tnttiuv -- 1 

Cnlirnmln iBJnl&r__^_ t 

Flsli4a.t!n^ rulmm _ 1 

HuppplTa Tqltqre___^^- — I 

iCJni; riUtum- I 

AiricAU vanil Tntlur4!.__^ _ J 


Owiwt'n hawk __ 1 

ked'hitM hnw k ■ f 

Kourliern t44-alintitE]f>T^ hitwfc _ 1 

lUtl-AliotUilA'ml lamk __ 2 

South AUiOdaih hoxsiij^ i 

havh„,, __ _1 

Bpd-b£icfei?<d hu^ird__._ _ I 
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AitncuFuuisi—cDtiUnucd 

fffliffHflitr MhJ nBrnm S’ttmkfw 

A30t^l^i trldne—OdJiil till'd. 


llaliafxfMi tcMroctphalui ___ 

ffoJftufirr indiM—_______ ,„ . 

harp^ --- - 

^}tj7^in4irp>Anui mntbUtmpO- _^ , 

... 

Jiff^nf4 ___ 

^ndjcM hiiiJa4^riu cvmliKCAiij:^^ _ 

Furtibttffo ___ 

ralttratdde; 

CmhneU ^pafreriuM __ _ 

___ 

Fftlrci pftrtjjrUtmg unaimm^^^ _ _ _ 

PtUifbtmtt -- - -— 


Bflld cdglo_U 

Bmtuntny kilo__ 5 

Haryy «k&eli]___ £ 

nmvU^iiJi ttigEe . . \ 

D^tmao^i.. . ^1 

^Vfrlcaii ire]l}Dw4iLU(Hl y. 

QFiprey or flsH linwk_^1 

<lnt-balid£il hAwk___ I 

Sjuimm butfk___. , . . . ., ^ 

Rrd-UimiLtnl «imi3tm. . _ a 

IXirk hnwlc___ 1 

Sntrth AmeHonti oiToconu_- t 




Crfleltl«o; 

Cttijr fa^cUitata ____ 

fftL# __ _ 

tJm& fcJgifiri , ,. __ _ 

Jff/u mitu ----- , 

rLoAlADtiloo 

orenu _ 

Crci/r«4ii _____ 

rkrsrA'ir<i»jiAM qwAfrtNo^, __ _ 

Air-r |HcIn« ____ 

_ 

f-o/toM virpinki^UM __ 

Odtlir# ___ 

OMU* lcfti]f€it§^^ __ 

Galltm ^ - 

OoJltr^ i(P^ -- - - ■ n - -- 

Q^sUuM jp.. ... , ,. , ■ ■, 

OcwAamu _ _ 

nvctKcmtfru*-„—^ __ 

Birropha^U iriwfctHL-- .. 

LopAopAAriif _ 

LOph^P* MJ^^OTTTiciA _ 

Fam erUfaliM.. . . ... 

lArgaialifA_^ _| 

l^vafirt (ritr<^ _ 

Pha^anM* _ _ 

P0typlc*^trm 09po;toni«-^_ __ 

Ifyrfno/frvf reorgii.__ __ . 

S’tUDLdtdMAl 

_ ___ 

^mmida fpi. . . _____ 


Cnivtl cqmiwTBr._ 2 

Faiinmii cumsflAw _ ^ 

carms«oir—_ 1 

Biunr-thlU^ cgrajoftiy -, 2 

ArpsM pbcBUtil._ 2 

CtbP^ pUpfiwiii t _ _ a 

I^dy Amherst'i pli^wsutiiL^__ 1 

CiDiikm pliQftfiint_ _ 0 

CmfftS qroll--. __ _ a 

HoiiwhK*- . .. , _ 1 

E<m 1 Juji^o _ 4 

rojki[i€9e Juixcsl» fowl __, 1 

HNnlnin chlrktn_ _ . j 

FlfhClii^ _- _ . . . , t 

i/>ii4C-tAlled ft)Wl _ I 

WhltoHTwtMj Ia1«5is__ _ 3 

SJIrer rhota*iint_^ _ - _ _ _ Ll 

Sw^oho^'o 2 

niittttloyAD lEnpi^rnn r*^^aBoml__ % 

Vall«7 qoflll ___., ___ 2 

PuoAi'wl. 4 

Blos-podccd pihmmni . fl 

Wblie pbr-asant^ _ a 

M'tldiilfiitc mutonl rlA«*th£K:kf>d 

pbcainiil _ 31 

Orr^n Jopaae^o phwmnnt.. _ _ | 

PidAiraq peacock p^liWAnt^ ___ 1 

Eteevi^ ptumiojit_2 

Volhjjifte tfilQMi iml _ 1 

OnliiftA itowl _ 2 
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tmmrcutMm 


flhlnoeliKldiie; 

__—- ■ ■. — 

OmUlnv- 

An^h^>poid^f* p(traii^a -- 

ATvMRKim^to rirpo - - ■ —„- 

B^irarica pavonlntl^^ —- - 

BaioorUii reput<^rum ffihbcricc^^, 
Grui offfutfcnfi* cgwsidrytfii .,,, . 
ffnw --- 

Gmi l(rifei>j;CTTtiiiiJ^_,-- - 

lUUldau; 

AnUMifontit - ^ 


FuUcq — ■ 

<7tt{7fnu7ei ci^loryptf# por^InnaPift^^. 

£ 3 ^a^M 4 tf cAiftn)|>irj -- 

lAtmoTftniM — -- 

—_- 

CarlamlUil^t 

fTaiiciina chitot^ ---^-— 


l?fliii«im mmm ,9 jinmbrr 

Koffd ___—-— 1 

StJinU^ *r PnnBdlJiG tran ^ — ;t 
DriBFilMlIi* tmm _ _ _ —. ^ 

Went Afrlcu cTQWncd entnft.^. — 

Euat AfrLfflD cmwnenl Cniiic-^.^^ 1 

IMile liruwn CfiiPf ■ . . . , p - . I 

l/^Tilta-naperf cntiw__— 3 

SEtiarltta — t 

rtJL^ _ _ . 2 

Ao^ricDit opot - # 

Hitrldp -— 2 

Suninttaii ialllnuJa _ —^ 'i 

Africmi f&U _ 3 

Om^-biDfld^ |H5fp|tyTln —-- 2 

Cqriflntfi MrijElnii _ 2 


A ^tfU lTT W W WM 


Hnafujito[MKUdnp: 

--- 

CThnniilrlidaP* 

Halanopfmii chBtn»U -— 

Lam* ---- 

Lam* df^tawimnii*^^ . . 

Lara* Aomimiaanm*^-^ . —^ 

Lam* glamrt*mn* - - - 

LaruM -- 

OlaHoUdav i 

akimaUi praUneola —--- 


Eproc^u ojicFor catt^bcr - Z 

Oillean inpwlaf - 2 

Herring jaTT.— ___ .— 1 

King^btHed fiiiU _ t 

Kelp Z 

QNiiemi-wlaiM full --- 1 

ailw (uU _ ^ ir. 

OiUArPd inmtliicfllie -- — * 1 


flPJL^xuuritKiHa 


GnluiiiibltJAe; 

Cofain&n ffuimca — ---— 

Co^trmlW] - - - 

OolHinto ma^uUm — 1 - 

i>iuiiX 0 d 4 ;iiAi---- 

Gailkotumba - 

( 7 aaii» oriftatA---— 

(TAirrd tMprio,- - 

L 0 piaiiIa - -- 

JTiUMdiiri^rir^ paulitta^^^^^. - 

Btrtpff^pt^\ia ^Afnrqii^ — -- 

Strrptoprtia rAfM^niiJ oev^PvH^fuU.- 

StmptofrUa tranqvitbarica-^ -- 

rUariit*^ —— 

oiiri<3«la/ij_ __ _ - -- 

Lmaidrnm ma^srpmra^ --— 


TrUogultr-iippt.ted ptgx^il^ .—. .. ^ 1 

DcwiEtlc pUtOTi_ _ _ 1 

&pot-^tiif0d plgmi - 1 

Qrven lin|ieti:a1 __ . 1 

Bte«dlpg^lieDxt ^4 

-- 1 

VlirtPiia cro^nod plgOfm . 1 

Cwts's ijdvft. __ 1 

CrioblHU ficiwrVBl 3 

Asiatic ccltnred itore*^- _ _ 1 

lAt^necJced at %*h dPii^....-^ _ S 

Jilni^liWBided rl^tg 4at9^ _— ^ 2 

Itlac^Eieckied - l5t 

H'JUth AfimricAH imnirDiur dore^^ A 
dDt« _—__ 1 
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WllFACtlfOUCd 


uaU 

FiiUtidda*: 

jl^jKiTRii -- 

AmAWia tturopaU^ain —-- 

lifiilfvitKi — - 

orolrir - -- 

^liK^urAtmtAfif ^i^yjf?(nJMnui_, - 

Arm ararcjiiM-^---- ■ - i—- 

Am _ _—--— 

Am _ _—-— 

Aratin^^ _-- - - - 

- - 

Cortt^^fj nljffrm- .,. —— 

C^iiop4i^ffTcvt mpIsA. _ _—^^ 

Hvcerpjrl* mi^jvrniji . --- 

ASHfrims — -— 

Et>l0phtu noicwil^liltiA- -- 

A'ai^fOP - --- 

K^k^UtC (jviltfrlla- --— 

£aArdli»r — 

Kai^atoe ^ - 

JTf^Ifai^t triJpAttmiw. _ - __ 

.^orfiit dOinid«IZd-.,— ---- 

i^oritur (forrmiut^ ___ _— 

jr4f/0|HNf^dew itMaJaiM* 

IfjfiipwUim immadbua-^ -- 

EunMint* nsvulaw^ --— 

Ifcttor ____,— — 

It§trap^iemm Aolf<mW4i?ti4_. .« ___ 

PimUei ^ntApm^rUt - --- 

PdJfa<t|ita (UfpOfHit __—---—- 

Jtrwmrri^— __ * 

t(m^mu4€L.^. - 

^dfrwnfilAiuj NfcHdfJwt __ -- 


Q^mmam M'biii' 


iFuiftcr 


E^i-fqciid taycMrd„, .,> -- 

Y^filow-iiirped parrot — - - 

Ytfllowrljii^atled pamU_- —- 

jri±LU>w-bfiAil«l parrot— 
BjaclatbLao mucaw.—^ ^. 
Yellow HDd biw mai^it^— —- 

Bedi blUit^ Aad jallow inacaw.- 

Mcxiraa g^n mnmw^ - 

Otibaa e«miiro_ ---- 

BuJi^ua coclaioa —-- - — ^ 

Lesuer ^ftaa parrot- _ _ _ _ 

gplLX^A - -——- 

f%are^?r«d e?ocl£iitoo,.„_. —- 

Btrhuebia pamit. - --- - - 

Q^i«ir« cocltaiw^ —--— 

Wbitc cf»ctaia<i . ... . 

liiirzo talpbar-vreAleiJ cod£aK«k._ 

Laudb<aiti^» cockatoo -— ^ 

Grfiflt ttMl“Crest©d wekattKiu^H^- 

liCSBtr Bittpb(£r-Cf«at£d cockatoo— 

Haiah loty.^— --- 

Bftl - -- -- -- 

Qraaa partniiu^- __ — 

QiiAker paru^tift --- 

Katalm parn^iuBt— --- 


Ucickatid——^—- 

Aiufixoiilsn t!»iitne_ -- 

Bc^hilioiiJdcrtid parfMpket, 
SrmneT^a purogact , . . 

Lanir^milod |ianK[tmt- — 
Uurllfr"4 


4 

t 

1 

2 

2 

1 

2 

1 
1 
1 
1 
1 
3 

2 
2 
a 
1 
& 
2 
1 

12 

1 

] 

1 

1 


cuwLinuxa 

CUdUtdAo: 

fiMfpiuiaf^ iCotopoocM^- - - Koel --- -— — ^ 

Miu»aphaa1iiiio: 

STarama .tloinpilMii __— ,. . , . Uvlii®ftoa'a toractio - — X 


ktiuaiFOiWfl 


Yytonldae; 

T'lrJo pmlincota __—k 

StrtfldiLer 

Bmbu virfflnXitnuM . ,-^ 

A'rriipfJ kcfvjfA -- -- * 

aprfr* --— 

OflU ___ __ _ 

Etrif tm'im pqHo^ -— - - 


Earn owl—. - - -- B 

Great broraeit i>w1_^^ —-- — T 

Viuinj Hah owL . . — ^— - 3 

Baiiwf ewL — -- — i 

owl - - -—— *- a 

Earted owL— - - * 


» l£ ^ 14 
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lurai# 


Oomd^4i; 

CoiinM fliia^iif. 


UAMl kl [JULIltMMlE 

C^iMW wima 

- -T^wbj ftOEWiCititb^ 




Al^edlnMae; 

Uaxlit 

Maliyon *anciii±.^ 
MoinDtldiLC}: 


cQuxiTnuwi 

- SLreqk^ fnOUfit! hird ra 


caiukCiiiwMia 


KoalcAburra _ 

j^Octat lelri^ |nln*r _ 

MofiTJut _ — 


ttcumuica 


EaaiDlifutlclae! 

Amlit&^rKwnchmt 

mnmri^ _ _ 


Riimphati<yi carhMui^ _ 

RdanpAo^fcJi MZfitfmi/iv#- 
pltrirDnu- 


GitH>T^blUfd foDCiin^t^^ 

Black tiodciH] amoarl _ 

Sulx)^iii^liivaM4Kl tM&cniL- 

WbltB-bmiatci] tcgwryf _ 

Toco tPuCnti. 


OonthfofDCii^- 


Cotlp|[ldjia; 

AiirtamtiM 
Map4coia «o«tfniw3/«wla 

Ccirvldjie; 

(Talfoei/Cd /arnBAy g. .■■■,. 

CUta okHumti^ ___ 


M.llffCUrXl|IM£B 


Alc^CPii cnftilrd. 


Scariet cTKk-oi-ibfr-nx'k- 


CUiiiophu 

t7or«k4 olbw_ 


Corpus hraohyrh^ehoM _ , 

Corcw <?uraa 
C^ortvf eomim^ 


CnrvuM 

CTopiny 


<7#eiitoooni2 rAf^iojrt_ 

CpanoQOTW rnyMtamiU^ 
CpmtMpkP tri/mmu 


G^mn*ithina hppnUm^^^ 
UroeiHa 


VrociMt^ o«rfp4fll«__ 
ppradi«i>tdaet 

awarwlrfa- 
/-QktfMuaa, 


FfApn^>rA|fHCAut 1»JoZ44VH4_ 

^rJnur^frfrj _ _ 

P^trriarmrldiie; 

atiaJi* _ 

Ininldao* 

Irena _ 


Hd3£L4^n 
Ctktnesfr dna. 


Yocatab blue- _ 

WJi]tc-bnw«ERj vmw^ 

Anmientk etaw. _ 

Nortberfi myp h— 
Ifpod^ cmr- 


Whlte^nockod riiTCfu 

Imlba eiraw _ 

Drnu!ii jity 
AIouwChpIhm] lAjf — 
A«Tire-wtDj^ pie_ 


Wlifle-bAcbod ptplng gwrtfr - 

ronnoano m^-bnlrd pie_ 

hliie ttiBaple_ 

AaBtrallan catbird 


SJckiP'hllleij bknJ of jiarailiae^ 
Snlla bcFirerbtn). 


12-ivlr4id bird uf iJor^niliB.. 
YellQw-T(mto«l miihmi 


FfcUrr h]w hltii__ _ _ 


1 

2 

4 

2 

5 

-J 

1 

3 

1 

1 

1 
a 

2 
t 

I 

1 

1 
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C# tr 
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AdAtlOIr I 

Mlixildae: 

Meiartfitis rnvruttr^cnu- 

TflfiPt;«3rl#»jnfl mfum. _ 

TunSidaii; 

Q^mtla^ pffCtOtaHM pictimUi 
0eimq;7a4li peTfpfcilZQjiii-^ 


V^mmam mmm* 


Btoe rnwUiii^ird^ 
Biwd 


1 
1 


iiWof^ru 

firnjiu jnr|rl~_ _ 

Stumldiie: 

OowHoptorui 
(Trpnlt^ijAQnd c^urtTfO. 


OlitneAe ctjQAred lAuchliiv tlttnAh_ 1 

Spectad43<| Un^iDi fluiuili,, ■ ■,. I 

rcitln totilTi_ _ . ■—. . ..■ £ 

Bciiapirt«^0 tlmub^_ 1 

Arrcntityi robin -- % 


Ottiti)p^ir __ 

Orocvlipk^ m^luwopirra^ 
Pto^dne: 
l^fnJn^fHira proune^ 


Lomckitrii IniOOfjiulrDklrt- 
Jfirvia 

J/iin^«* mioktcCQ^ 

IfMftt'fi oriufrtini-_ 


Spl^ctbl surlier 
Warded 

Crested vtardtii^ 
W^t« 

OSaiit whfdab. 
PimgalM^ 


P^OOTM _ __ 

Ptoi^rm infermediu* - -- 

PioMtM —----- - 

/’(HTp^iJci aciffl^«ida_-,—--- 

P^ephUit pomldia^^ 


niimla 

lliai^k-tlirufltiHl iLCUnEa^^^- 
Jtttii Eijftrroir^.^ —-- 

Blrce Mrd or notm^ OnTb- 

\Xayu wwtor - 

Itlaek-ebDCilBd wcawr- 

ChistTtut-breAfEed wi>9Tflr, 
Lrjnf-Taiioct fluch --- 


Oiftfr^a Jnlernti^^a. . 

fntritdUtfa-^ - 

ewttaayjl#^^- -—— 


Ooctldlttti OtLtb 
^nEbrm mllllki^l wwaifur tiii'li- 

rsriiillBi^ whfdah_ 

I flEUrbw^^. — -- 

I White xebrn Hiueh —- 


Cverc^bidae; 

Icterldnei 

^ 

OwitmtUM ffieJtfNlirfrrax^ 

Id fmil 


lltup haiiujm«4fj»r_ 


C^dlMQ n'd-wtofforl btui^blrd — . 

Miilran cueSqu*^ - — -- 

Otont ofintii^ 


Bulljuck'e twup^nl—— -- 

Trotiplal- 


IToEo^JI/'M bonariffui^t- 
ffollojiiar mmirnt, 

7*ntpfah« rf{>/l}ff}|tl_, _ 

'rhmajilda«^ 

Plnnpa MrntAtA, 


___ aiiEnf wwbird - 


CbUeen tludtbtrd^- — 
MlLltaT^ 


RQmphac^u* flttanmfpffm- 


Ottuuw tliijntpr— 

Crimean laumjef-^ 
Tellw - 


fCompAactFlHa jrlrrfJ7*afui- 

TMniH|»tj epfiODfiiir _ 

rrloffUlde^^: 

Jiudn^dEura 

CardHr'lfi mtimfth _ 

*&-7 


WUiyw-ratnjied 

Blue lanHffpf . . 

StrnwboiTT ftncti - -- 

Eum|#an gold Onrli - 


I 

1 

1 

1 

4 

5 

a 

1 

T 

* 

$ 

5 

X 

t 

•1 

t 

B 

3 

I 


1 

1 

2 

1 

X 

2 

« 

1 

t 

* 


in 

1 
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AKNUAl^ tlEPORT BMITHbONIAN INSTITUTION^ 1044 


r^aiucBitxiitu KH--caiitinwd 


—CoDi Itiued 

CowuHMt mams ym 

f9U3fCKf«i4ft_ 

-__ Mfc?jd«in UniiJin 

C7mviiiAaj{rJ^4 iVMUalu#^. 

_ _ R>^'{!Ti»t«d flnch_ _ _ 

Csfutwcotii pm afffwUfrt*— ^ ^ ^ 

^__ Af^iKtliv blu« _ 

Divsa diuftt 

_ Dl li^ji lfiv>'h 

Br^lhfura pwitiaoca.. 

_ narrnf An/ih 

LupkOtpinint* _ 

_ Hlacae-cM^tKl fln'Th _ ^ 

if«to]i»vnrAa 

Oubttlx bullflTT^h-. - 



/VWtfrinO opfinea _ 

. iDClIfO h tint 1 Ilf 

IN)4innftt4i lerJqnrAcHj^-^ _ 

3« t^cbificiier'jt buntliif _ 

J'aurrfnA vertico^oj- 

-- UlUf^ himtinf ;; 

^hr^iliu fnitC«^4L. 

AliitmilHf firu^ti 

Phri^liilitx joyf _ 

tUu'a tfrnj^litfuiltit iSflcIi __ 

4^ftirr ^narfHt 

. fTHnarf 

ffioiJit /tOTCtiZa^_ ___ 

IfyHTn finrfS 

Hi^tU lutoata _ . ._ 

__ BalShtni __^ _ 

ShatU Mifui/ .. .. 


BPUiu^ urtip^tiiaiU... 

C^lL»li AlMkta. 

BpimfpKita airH/a__ . 

-- awHl-Ivktfir 


YeLliiw-DeUJaci _ 

TiariA _ 

Ui^mn IptijisiqTiif 

FtlJaffnid foatritti _ . 

tlJtie-h3iick p-usarjult . . 

nl|H}njr(i __ 

, i'rliliifnln _ . 


BEniLES * 

tmxck.tA 

Crocodj^Hiine: 


AUi^tor mUiitMipimMi* 

Alllfotikr - . . , 

AtUpalor tfitgrtfU-, . .. 

Chinnan iLlllfahif 



OlUJiulii Mrimtp* 

,Aolfnan 

Crocodptm4 iteitJiu,. 

-- AtnttrlfMii #ivwvHtii» 

Crtmdtfiu* astap^ractiu 

_Xarrow-DiUcd ernuMillfr 

CrwodytuM miliiiiiM 

—^— Afrloiii rFooiilllfc 

Crt>c<tdytttM p(tUt*irU __ 

_ “Tonct'* mhyfedlln 

pormu* --- 

~i— SalbimtiFf croc^tbi 

Crofodplu$ rhmbifor„ _ 

Cithuti „ , 

_ 

flnHir1>-ni^f«j! rr«i|serk{][]gi 


SAtmtA 

<iejfk]untd«j^^ 


Gckko pfi4^ta 


IgTUinlclae; 


_ 

-False "duUiu^liMiU’', ___ 

ap. 

-■ _. llaiidiKl basUlMk _ 

(7/mti4aiini UAinrAMru 

- apinr.ijidfj ifooiui ___ 

_ __ HvnUtit ILnihd, _ 

PKr^iom^a wmalML 

^JwJruf antfid^/uj 

- PUiu af teiiw Llxon.1^_ _ 
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ScUmtiJte Mist h»M SfmmhwT 


Q/iAUintnii dpli« ___ 

Opj^iA^trrvt fHmJralii -- 

0<irrih4fiof lit €oi^nileKt pniKi^pit- _- 

t{etnd«nziAt1da&: 

}frlo<Smtm ____ 

*--—__ _ 

TeUdiLr: 

--—^ 

Cnxotf^nrift IdrartiJiift ___-- 

TtipiPMinft^t ttipropi|fK:f#l4i*,, - - 

Sclorldiie; 

JEpmttii __ > ■ ■— 

EMmecet 

-- 

VarniiU^nt; 

F^runvt kOtfiGdomSi* - - — 

FaraniTJ — 

Fanrniii R^f^Nciri. --——- 

FftPTtHi^t __ - - — 


glAifl l 

G 3 A«s iHhke GT UifttR - 0 

ALOgattir Litatil^^^— — -—- 2 

UexlcftD bcndtMl Uttud: ... - - 2 

Qiin _____—^— , ’J 

£ilE41tx^ mcs mtiiicr^, --— (J 

Cnxiidli^ SUard^^—,—^ 1 

Ei4u:k ti!*u_^ ——- a 

CaniiliLgham^H tkLulc —^-. ^ __^ ^ 

Blu^inlleft HklnJt --- 3 

B1ti^{i7iLcai;d 2 

Koi>id4)o dniBOO - - — r,, —— 1 

ludloii HOTltur.^ _— 2 

Nile ttkonuor— -- 3 

BimmlfUti fflonJtot -— - -— 0 


Qputmx 


Jfoff --- - 

C/iarina &<iriiMt - -— - - 

f^wtlHr/or, ___ 

Conitrioior tmprM.tQr --- -— 

c^ncJlrit _ __ _ _ 

•cntMti$4 , , -_ 

Aplcnil'ei rtriflittt __ ^ ■ —-- 

j fuaWiwt --- 

LfdAiUiur^ - - ■ - 

mofirrirJ --- - 

PpfAon reffimt^ - —- 

Ppllten ^—---- 

Ppf Ada rorWptfla*^^. - - 

rn>pMi>pA^t M^ianiiriM ---- 

Colobrldfie: 

CarpAdpAlt - -- —- 

(tfiitfHcfw -- - . -- 

CpdAprat pipiu -- —„„ 

D(adGphU puatlafMt - - - 

i>rrmtiiTAon tfoni* couperi^ — - - 

Elitphfi ffuitafa^ —— -- — 

oftMtitfa - - — 

EhpiiG ^uadridtlGiA^ -—— 

lleli^Gn MUtflrtrfiflf —— ^— -- 

Jjflmpntpelti* fiGfidam ■ ■ - ^ - 

L<impropeUiM peraJat ^ . - - 

ZTatria p(j« — - — 


€<?flVi t™ - ■ ■■- * 


Eti^b«r boa- - - - 1 

Boa coHfitrktpr - ---- > 3 

Cotitral America Ikmi --— if 

Raltabwboit _ ^ 

Sulaeiiititi . ■ ^ 

OaiUan bea.. _ - _ i 

Ajiacohda .-— - ^ 

California totj boa^ ---— 1 

Itidlan todfi jiytlHiL ——- ^ 

Bull pjplbfftt —-- 3 

B«cal python— -- 3 

Cafprt pythdo — _ _ __— ^ i 

CubaJi b&n- --— - —- 1 


Warm tnoJeo— -- — l 

Black .-—^ ^ 

Ofthr* do Paraanaj- -—-- t 

Blng'Decked ■nnko - I 

ttiiJIgo annke --— ™ ^— - * 

Corn aniikA*- -—^— - 3 

Pilot iHaiw — - — 3 

Tallow cbickon gnnke . . - - I 

Bof-nosccl ttialio --—. - i 

FloHdn kltis wnakG... ..- 1 

Chaiii or klup fltmke.— — 1 
Wmim HfiokP - * 
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irttnati. —continiuM! 

JVrtfictf^ mnmM 

C'iivly h t-ldnf* — ^Coii 

a rrif ___ 

yatrij sp— __ _ __ _ ____ 

_ _ ■ 

FtimphU edienifrr m^ajoctam*— 

FfludliAft iR4^art<hEirtu^^ _ 

Pi^nt twunfjJtiL * - ■ _ __ 

^ 

Stovrrta iMratrL— __ — 

nr^rf^ujifei— - - 

T^mnophiM t^rr^llt __ 

KJjiiUdiie^r 

nafA __ 

OM}^Mi* ftd^duM . . 

CrxtUUdiLQ: 

AgkUirodfftt ___ 

_ 

trtrra7ii« iidiiii»4ttCw.-—- 

Vtpcra .. —r 

TtSTUVmAIU. 

Scmtb AMdltmn Aldfviir^t^d tyrtKii^ 1 

JHiikk^H^ckoiL turtb*^_ I 

Souih Am^r&ciift miAkf^ricckM 

turtle _^ ____ a 

SoUkt^Dfscbetl turtfe .. .., 38 

|1j]it4irepdad tDTtle_ _ 1 

Edti^-lueilded Cbtuc^ tqrt^fr. . . . i 

C^Buaoa Mflaia urat&r i 

Soqtb Ainerlizau rivEr tnrtolte^^.^ _ I 

Oiitfia jtitiii tflfUi* __ t 

lEuelc hirtle^„„ _ 4 

SfUkiiplnp^ turtk__„*-—__ 

AlllcEiipr Hmi^l n(g 1 uri l«__ 1 

Watvfn [utfsited a 

Pnlnii^d rurtio- - 3 

SjiDttfd ttmJe.-^ __ ti 

Wood tnrtifl __ T 

^JtUdeaherv'i I 

Kura kara box t|irtl<t __ 4 

r^tindtciftt tuftr#- __ _ ^ 1 

9lai£i«»« nitlLfc_____ % 

HATboar'a Umlo ___, 7 

P^Eae tunp turlle^^ - ... 1 


ClHil^dldn^: 

ft^lrarApiflirf ___— 

CAefpdfiui. fPnp(iAiflit _____ 

Hydruspi* __ _ 

npdromodHM —— - - 

riatcrfRyi pfaf^rAaltl_ _ ___ _ 

FtAtrvtarniaae: 

Platytlmium 

Fat^mfidualilAe: 

pic^uintfdv#^ _ _ 

fj^nw - - - 

K^Dnatemllnu! 

ftp - - , 

Mimutmon ^m^hrum - 

Clie-ljdrEdaa: 

—*- 

J/ttm>cAclpd _ 

TevtiidJnlake* 

nrp^emy$ maryimittL ___- 

ChryMOmpi pkiA ___ 

t?tommy^ yrnttota - 

Ctimratn —=_—^ — 

Clrminpf iNkAA^bcrf44 _ 

CyolAmy$ -- 

iSmpt hhindim^L ___ _ __ 

Ccocirmyit -- 

Omapfirniyf t^rbPkff. --- 

tTmpInnpt pmidoff^>tyffrop}iic<A - 


CTcwfliflB flMinr A'hriHiIftr#- 

-Oumi flr tniWR wntik& _ 3 

^ IVntPT _ _ 1 

_- Weiumi trail make_ ,,_ 

__ iSan Dlftee gDpli£r flRolcc- ___ 2 

__ Bull aniike-^-, _ ■ — 1 

_ Rat aniiku _-__ 1 

Lpuf-nosed iRake _ _ - _ _ _^ 1 

DC Kft^a aafih g , , , ,. I 

- Wwteru Horter smka^ _ ^ 

_ QartBr snm. ^. . ^ 

_ IticUin «Dbm_ _ I 

_ -Greou tr« iginl^-e _ l 

Cop])Cclii?ad siVRk^»______ 4 

_ Water nyKHuMri-. . _ i 

— - F 1 c!i 1 diidlntiiiiDi 1 -tiarlii‘i 1 i mtUemaki^' I 

-- Bus^N Tl|»f . 1 
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Timniuu74-^-ata£lnii«d 


finlmtiM "HH 
TDwtdtUii Idjie—coa tlniwijL 
KinUtu* BTomi - 

Ptcndcmu* comriirNa^ 

psm4irmpM cin&aiA.^-^ 

H'^rrupm^ mr^lina. — 

Terrnpoip Bto/or__— 

Ttrr^pato ifi__ 

TAitmita 

Tf^irfinto itp^fppfnni—_ 

TitUmdo _ 

f^nif^TL,._ 

Ti:f*im4s> rfHwa^_- 

THoo^cMilae: 

Am^4^ -- 

.Amirda __ 


^wmAM WtW JfjMJiT 

■VVMt Jl^lcan bftcii'lilneHl Eurtol^- 1 


l>tiLmEjiu!l~tHtil turtle-——-- 

Cootur —- --I— ^ 

CtinibeirUiia tortitpiit-— S 

Ouotcfti JjUfiilciiD wnfi^r turtle-1 

Ctibuu terraplia—_—™^ 

it™ turUe^——--—-- Stl 

Flariilfl b«x tertk^- ....- 4 

Meitum bfxc turtl*-—- 2 

Ghiiesuu land toftotue . ^ 

SonUi land tertJi^lue—— * 

Slur tuTlalie-^^,--- '<2 

DtU3^wi lAlettd ^^ ^ 

Hjood Ifllond tortolM———-—— ® 

Soft-Bbelled lau^ . ■ - 2 

AlbemarJu laland taitulw- - ^ Q 

flort-obulldd turtle^.—-0 

Wuut Atrlfuu tnrilu^- 1 


AJCFEIIBIA 

C4TElM^tA 


SrilnrDltrtdHda^! 

rKinrta if---Red mUiaBttdisr,^, - 

1*rttHr¥i — -—— Oiaiit -—- 

THtimu ^ridri<mi. - -- — CMnmou aewt — 

Ampkliimldae; 

AilAXpAlMna utantt^— ^■ —-- Bltnrt wl W CwiSR finukft. 

Cry plobrau^liliie: 

Cryf^foArfincAuJi affayauic^ili HellbeudciVir*— — — — 

Neetnrlditei 

K^tnirn^ i«iiK!iiraiiit-_ -- - Miwl puppy — - —-— 

OAUWTU 

Dt‘>ift]mballdne t 

(lirnrfBJi _^ Arfow-polmu ~ 

Bofoukdae* 

Bafo ^ CuoiTinin - -— 

- Snpod& wTic L i" 

Safe iuarfuiai _—--- Marine temd - — —— 

Bt$fc pcltocejUialut _ — - -Culxw flant loud--- 

l^cmtaphrydae: 

9eratn«iAryi effiuta -- -Onfiu^ _ 

E^ltdue: 

AvnMi^i^JiM4 __ .--—- CrkjkH fnjtf— 

tWa onudfer. __ _ __ l^rie* (mi ——-- 

t^pldae! 

Pipa ameriMna _ - SurlnuiE - 
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annual BfifOIET SM1THS4>NUX INBXmmON, 1944 


■A4JXAT1A—CnDtiDIlPd 

fl4ii« L'amAOn nmmm Sfi 

ELtnIdae; 

Ifdim raErjbdaHd ____ Ballfrqy _ _ _ _ 

clamitunt _____ Orwi __ _ _ 

ila$m Oix^piiaUt^ ___ Wesl African bnllf_ 

f?«iirt _ Lfojviril fro*_ ____ 

JtdHrt c]^rntf4^_ _____ Wood fln^ __ 


tTifHUs 


Aoe]|ifAop0^AtffmK« k^hU __ 

Irui^K. 


Rhi^ Mi'-Avsi 

AnAirlPin2oii aujIraXe 


AtfronoltiJ oci^llaCut _. .._. 


down barli _ . __ . - _ 

HarhuM _. . ... . 

^arbuj nrmulraaa# 

fFafaiRknr<r>A Ikpf ^ulrtha f4rtid ^ 

Wftft AfH|!lll!li pLODldL^ —_-_ 

{NcAjdd'Ofno /‘C^flPuifl ... ... 

BAVIlled ___ 

Citrydora* tuAlOdilflMA . 

AtmnTiHl i^ttlfih . 

QptydomM f^hauti , 


fjf*rydni-if4 _ 

fjiflliah 

F|KiJ!±t^ot^iMrhcJ^u4 fgtopjf*MTi i _ 

tlaurlc ____ _. 

^pmHan^r^jnbiLf fftrjiMjj.. . ^ 

BIdpIc fc>lrrfi _ 

J7#tef{pniTrtfii.iif d|;ih 

Tmm Ripnmyf A . . __ 

n^X^hf-iMbryfor^ _____ 

Nei^n ttJttt ftflb. ___ 

tCryptoptifTiim hLHtrkm 

nirlH rVNtnpill , . 

LcMfEci refCe^^ofiit____ 

flllppf ___ T 

Lcp^doi^lren p^mdOM ___ ._^ 

South AniGrlcdB _ 

PRfUitl^ Rih 

Aifft<tropr<dii4 *p ___ 

J/oUtnii^a »Afnu>M ._ _ 

Sullliii moilr 

^ojuiojIOmuj i«fjrpljiiiif ui' -- . , . 

VaiuiAjifaMiij rrilfncdliu _. 

P^dlplWrtCf^Eif#_ _____ 


wumildiiiM — , 

mdPk nuvin 

f*Intypwj^uM Minmiafux 

fld^ilpljitrr^ .. 

im 

Aramrod patfiNh ___ _ 

JViT^frti'Ox riddlci _ _ _ _ _ . _ 

i*rDtt%jyiimu dtMCrtci#*u 

Afrirun liiii^fklJi 

Pt^TiMphyUvm _ 

Anppi flslt , 

Punl^i#ji iHtrllimii'axnMa.. ____ 

Retl^OnlifHl tinfli _ _ 

ftojttAru JLrtiTVHMhArfiAA _ _ _ ___ 


Plmntui <^T csirtilibal fluU- __ . 

Ttflt2A\lApf nlhMCuh#--ft 

WbJta Cloud IfETUJilblJ] Hilk.. __ 

T'Cltf pid i|i^ _ . . ... , 

llouHi-liri^^iUbff __ 

TrMtfyyaitl^ Iritri 

Tliti^ftppit i^iintJiiL __ 

JlpAopAoriiJ aWItrf __-__ 

rNwordfAlL —__ 

Itod Fwortlta ^_ 


Ti(KAi.-do MWiirdtaU- ---- 


h*F 

a 

3 

1 

5 
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1 

1 
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1 
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3 
2 
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fOPOBr or THB fittlllTABr 


ICL-- 

jj^ttOd^Ui W ^ ltfOT W. 


jj^intaom 

wm€ 

- TmtitulM - - 

__ Black Widow 


1^ 


Hfa^cra —--—-— 

BeapectfulW $ubTiiiUe<L 


iKBEcn 

_ Qtun t rocictwch- 


1O0 


W, M, Manis, 


Tk* SaOtEtART, 

SmUhaanian /nalUtiH^- 


» 1^ 













APPENDIX 3 

JlErOKT OS THE ASTROPHTSICAL OBSEEVATOET 

Sir: I Imva thfi honor to mbmit tho fallowing report on the aedvi- 
tiea of the A^ophysical Observatory, including tie Division of As’ 
trophysic&l Rcsearfih end the Division of Kaiiintion and OrganianH, 
for the fiscal year ctidiKl Juno 30, ; 

Dmaios OF AOTBOPiirgiCAi- HESEiitcn 

No mule assistante could tie retained at the throe soIar’H;onstiuit ob^ 
serving stations, Monteaiuiia, GliilO) Tnlile Moutitiiti, Cnlif., and Ty- 
ronoi N. Mex., on Recount of war runditions. In tJiis situation the 
wires of the three field directorsi Greeli^, Warner, and ^loore, have 
stepped into tlie breach and are ossist ing wltli iihserving and comput¬ 
ing. It has therefore been possible to keep the Lliree stations in opera- 
lion in this exvepliojuilly mtercatlng period. 

As pointe«l out in last year’s report, Uio predicted inarch of solar 
verjation llirough 194$ iiidicatea a large depression of solar radiation 
beginning in Octoher 1044, comparable to that which necimed 03 
yen rs earlier, beginning in 29S1. Figure 1 shows that the obiiervatloiiB 
made at MonteEumu observutoty up to the middle of the year 
support thus far the trend of the prediction puhllshed in figure 14 of 
volume 6 of the Annals of ilio Afltrophyfiical Obeervutoiy, 11 is ilicro' 
fore tfonfiilrnily lotpectcil that die depression of tlm solar constant 
will begin with October 1944. It is not yet possible to forecast what 
exact flfi^ects this depression (similar to that of 23 yoars ago) may 
prtidure in weather, but tis slated in an article a generation ago by 
AbbnL,^ iinusuol wealhcr conditions may b« anticipated. 

Most of the time of Mr. Hoover, Mrs. Bond, and Mias Simpson at 
Washington, and ]Min of that of Mr. Aldrich lias been occupidl wiili 
the reduction and determining of the statistical correcLinns for tlii! 
solur'fHmstant work of the thivo oberrving stalinns since 1939. Ad¬ 
ditional types of observing, namely, polarizatifiu of the sky, and energy 
spectrum observations limited to the nltraviolct region, Imre Hccumnla- 
toil in these recent yiuue. 'fbclr bearing on the deteiminatiou of the 
ijolur variation is of groat interest. 

Mr. Aldrich has been birgelj occupiwl with special secret war 
problems, and part of Dr. AbW’s time has been thus spent also. 

>rroc; Fat. Aend. Set. toI-S. Fa. <1. up. tM-lSD. tSVS 

01 




EEPOfPr OF THl SiCnUTART 


95 


I 




i- 


1 


5: 

f 




I 


e 


r 


I 

I 


I 


I 


I 





riAtniB 1—Tbo »lnr <Oll«rt»nt of 



































































































































90 AN'SniAI* RKW3HT SUriBBONIAJJ INffi'lTUTlOK, 10^4 

A major pwt o£ Dr* Abbot’s work Ima cwnaiflted io Iho study of 
solsr-ooiistaiit variation mid ossocmted solar changes in coimectioti 
with tho wftdthBr* A papor entitled ‘^Weather Predstemuned by Solar 
Vtrmtipn" Iws resulted, and api)eared juat at the cl™« of iha fiscal 
year. lu the course of these studies it was found that variations of 
the areas of clouds of calciwn vapor (odciuni flocculi) «s photographed 
at the Spnniflli Observatory of Ebro since 1010 were a^ietod in the 
eame wav as aolor-constant cliangm in ppudetertniiung the weather. 
This led to an attempt to wtaben the lieht of the sun’s didt by eKccaire 
epeotral dispoirion so far as to xnak® visible variatton* of the bright 
liiita of hydrogen or Ueli um in the chromosphere. I>oubtf «1 evidoncea 
of aiicli chromospheric lines were indeed rtjcorded, but thotigh tho 
dispersion of tho third order of a graling of 15,000 lines to t!io inch, a 
battery of prisms, and a path of 55 meters of travel of ihc spectram 
rays were emphtyed, tlie photospUcrio apectruiu was altll loo bright 
to diwJose plainly the chromospheric lines or tJjeir variation. 

DIVISION OF EAPIATION AND OHOAMUMS 

As in tho preceding year the work of this Divisi on was mainly 
concerned with secret problems relating to tlie war. H^ever, a 
paper entitled **Tho Tnfluence of Light and of Carbon Dioxide on the 
jR^tttition of Etiolated Barley aecdlings” was prepared and 
published hy Drs. Wrintraub and JehnsUin. 

Bespoct fully suinnitted. 

C. G. Aanor, 

J^ireetor. 

Tuz SecascAKV, 

Smitfu^nian ln*tituthn. 


appendix 9 

RlilPOIlT ON THE LtBllARir 

3m: 1 hove the honor to aiibuiil the following rei»*irt on Uie Jo- 
tirities of the Sitiithsonmo library for iho liscol year en.l«l June 30, 

From the point of view of inw. the yeirr hue been nn out^nu^ig 
one. Never before in the history of the world have boofe ployed so 
eigniliLTmt a part in the successful waging i-f war. M the 
01^(10 potential importance of alt retonled items of hmnau teowl- 
rdge through integralim with otliera becomes 
^ often is strikingly domonstratetl. It Z™”* 

Iwotetwte al . libr..T lo th. blMtleM.!. »| 

South PudOc. but thia » a adouLiac urar, .mj many bvaa hava tou 
<av-ed by the eiaclly right bit of informatmn ahout an a pl«n^ 

an aniiah ihe show lino of « fnr-away inland, or oilier na ural 
features of strimge lends found in little-known jonrueh and docu¬ 
ments on library (didvea. a,..ptimib 

In the Smiihsoimn Ubrarj examples of tlie c^Terston to wartime 

ueos of the published fwiilta of peacetime ^iontjfic 
esploratiocLS might be multiplied almost mdefimtely, ^ 
hZ h«u increasingly iisnl by the war agenen-a and by mdiuduaJs m 
the armed forces. In the Museum library alone, wdiew J 
rufensneo queatioiw coming from those smirccs was kept, _ 

520 requests for information, many of 

ablo amount of r« 5 earrii to answer. The libmry of the 

American Ethnology was frequently called upon, and ^be 

of the Astrophysical Obsenratory library wore often m dcroandj®- 

[tedally Uiraugh the loan of scientific journals to ^ 

Juflof iha Ethnogeographk Board constonUy ‘ ^ to™ 

Ubrariffi. for material useful lo its various pro]ecto m aid of toe war 

also accounts for the rise in the Bumber of tnttrlibraty 
loons from 687 in 1043 to M63 Hiiriiig the year just past. 

Tim library's larire collection of dtiplicatefl, too, 1ms Ijcan i ^ 
upon by otlior depaftmenta of the Government, and many puhlication 
no lon^r needed have Imon sent to fill gape n «ts in the difrr d^ 
partmenlal Ubrariceor to help build op special collecHons iii the nmre 

rTCc fitly €^»blb?btfl war 


t)S ANNUAJj raiPORT eMlTHBONJAN ^NSTm^^O^^, 104 4 

Tliwigh the Library of CoDgrcEs, die Smitbsctuan library U co¬ 
operating with the American Library Asvocintioii in its program of 
cuLloctJag mate rial for aid Ui libraries in war areaiS} and has already 
contributed 20,800 parts of poriodicals from its stock of duplicatea. 
The ultimate destination of fionis of dm longer rune of foumals is 
known. 

The library baa continued to be the collection center for books for 
6erW{:8 men and women, and by the kindness of members and friends 
of the Institution, has been able to eend about 300 well'Selected con- 
tumponuy W>le5, mostly novels, to the United Nations Service 
Center, and to the Public Libroty for distribution. 

WhetJier in war or peace, the continuing pnriJOse of the Stnithsoii- 
inn library with its brunehea m primarily to serre as a tool in the 
scientific work of the Institution. The guiding principle of its 
gro%vth is not to make it.a niusconi of fine books, but an active working 
reference etiilcction. Its main function ia to put intO' tho hands of 
the scientJfic investigator t he publi cation rontnining the Infonnation 
be needs, ss nearly os possible at the monnmt he needs it. Ail the 
detailed and sometiines compticated processes of book selection, ac- 
quisitieR by pnrehaoe and exchange, daisification, cataloging and ar¬ 
rangement., as well Bsthe functioning of its reference anil loan servints 
are planned and carried on with this nlclrotile objective in mind. 

Many of these processes are measurable statlsticfllly, and the nuin* 
ber of books purchased, received by excluinge and gift, cataloged, 
circulated, and so on, can ba given, like tlie production figures of auto- 
mobUe parts. Such figures are useful indicatora of material added 
and work done, but beyond this, the comparison with industrial out¬ 
put breaks d<»wn, for these library production figures cannot be finally 
reduced to a countablo entity like a finished automobile. On tho con¬ 
trary, tha most important end-products of the library^ functioning are 
diffused and mtangible. They liecome an integnil part of the scien¬ 
tific Accompliahnieiu of the InslHution itself, for they go into all its 
investigations in the laboratory and the field, into tlie ideniification, 
description, and exhibition of artifacts and spedmens, into the books 
and papers publielied to advance the boundaries of scientific knowl¬ 
edge. Tile final test of successful library accomplishment ia use. 
The mere numbora of books acquired and cataloged mean little qnless 
Lhci books liAve been diecriminatingly selected for the pur|K)aes they 
must serve, and well and fully cataloged so tliat the informntiott tlicy 
contain can be easily fotmd. 

* 

ACCKsaiosa 

Since the first abrupt drop in the receipt of publications from abroad 
alter w&r was declared, there has Iwen u continuous small gradual 
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declinB IB tlie omubers racsived. In Uiftra wart -JSS packagus 
ddirtrtd tLrougli the Istemntionttl EnclinJigo Sarcicet in liJ4S UiCrt 
'Wert 354, and during tlw yoor jusl past, 340, From Eiiplnud, iho 
Sduth Amaricaii cmintrica, Naw Zealand, Aufitmlin, wid South Alrica 
Ihe receipt of pablications by mail, vhiie somewhat fewer itinii before, 
was steady and continuous. From othor allied and neutral countries 
mail arrived leas regulnrly. It wiis especially gratifying to reoeiTi 
several exchange sending) of tonaideralila numbers of cnrrcJit pnbUca- 
tions from the AkademiA Nauk of ibn U. S. S- R. and its branches. 
Losses of nutterial actually shipped were extremely few. 

Tflic pnblicatioii of domestic Bcientific setiala declined very little. 

The reorganized ioc^aions division fonctioiiod mnoollily in handling 
both ojcliiiJigee nnd purchases. The total nuntbei of volumes pur¬ 
chased was 1,443, and subscriptions for 540 different periodiciiis were 
entered. 

A few of tha most important purchases werei 

For tJifc Bureau of Americmi Ethnology, William Cbie^a ‘‘Account 
of tho Ruffiiun Discoveries between Asia and Amoric*" 1780; *Tjti 
Pfrouse^a Voyage round the World Performeil in the Yeats iTSTi, 1180, 
1T87, and 1788 by tho Bouasole and Astrolabe,” 2 volumes and atlas, 
1700; and the accompanying ‘‘Voyage in Search of La Pirousa . , , 
liuringtiia Years 1791,1785,1708,” by J. J. Labillardi^re, 1800. 

For the National CoUuction of Fine ArU, J. J, Foeter'a “Miniature 
painters, British and Foreign, with Some Actoutd of Tlioae Who 
Practiced in America in the Eighteenth Centii^,” 9 voliunea, 1908; 
F. Norfleet's “Saint-Memin in Virginta, Portmils and BiograpKii^'’ 
illuBtroted with 80 crayon portraits and 142 engravineB by Saint 
Memin, 1042 j T, H. Ward's “Romney, a Biographical and Critical 
Fsftoy, with a Catalogue Bai.iunn^ of His 7Vorka,“ S volumre, lOW, 

For the National Muaeum, J. B. Jackson’s “An Eaaay on the Inven¬ 
tion of Engraving and Printing in Chiaroecuro as Practical by Albert 
Durer, Hugo di Carpi, '‘Bihliograftia BiiasMi P«‘- 

riodjcheskoi Pediati,” 1703-1»)0, by N, M. Liaoveldi, 1915; Uto third 
edition of Mare Bosenberg'e “Dw Goldschmiede Merkzeichen,” 4 val- 
umea, 192JiM028; Pritwo NohuimkB Takataakasa’s “Tiie Birds of Nip¬ 
pon,'’ i^urta l-T, 1932-1939; “The Aatec and Maya Pai«jmakere,” by 
V.W.Ton Hagen, 1948, 

cim 

No large gifts of special collections were received, biit mcinbeiia and 
frieiidfi of the InsUlution, os always, were generous in making con¬ 
tributions of important liooks and pOipeTa. Donors were; Dr. C. (J. 
Abbot, B. S. Adamson, the American Association for the Advance¬ 
ment of Science, the American AfBoctation of Muecunta, tha American 
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Coimcil of Leiimwl Sodett^* D- Mib^^ A. 

Archambnult^ Miss Mui^ Dorsej Ashtoti^ the Augtist Lnbfjr- 

atories^ Slhati F. OBLldin^ the BiiJfour I-ibmry, Dr. R. Busaler, 
Alexander Bierig, Edna Bdlinga^ Mrs. Carl W. Bl^Lop. Bitiiijii- 
notis CoaI Hiiseflrvh, Inc^T Col, La wren co B. Bixby^ H. H. Blooiner^ 
Dr, Gre^^riii Bondar^ the Book Fiirnt, lIjalLie&burg^ Ferrmtnlo 

Botirquiri^ Dfp AdiuD Dr* E. Lul^ Brsim. Manuel Quiroz 

CaIv^Oj the Canadian Jiatiomii Badwaj Systeniy Senator dosfi Manuel 
Cnsaitcivu, Dr. Edifiurd A. Chapini Austin H. Clark, J. M. Cotelo NievRp 
Mariano Cuevajg^ Williatn F, Darid^n, iL G. Deifpian* The Hcmor^ 
ahlo Frederic A. Dolfujo. Dr. Cecil H. De^h, Dr. Horace "R. Ileseole^ 
The Detroit Neirs^ Dr* Harold Edward Dickson, IL Jf. Dixon^ Lnuren 
IL Domddtion, Dr 4 C. L Driikfl* tho Engine Service and Mfg. 
Willmm BnCiJii Kvanej, Dr. Willinni N. Fenhm, Dr. ClamiceF* Ferree^ 
George EL Foik, Dr. Herbert Friedniiinny Per K. Frtilichj Dr. SiunuBl 
Wood Gejser^ Haydn Tiiomes Giles. Ivon M. Gletme, Williatn B. 
Goodwin, Jayme Fernandes Guedcs. Dr. David E- Irltute, Augnsria 
and Edeaio Iimno, Hernard JadOf Jewish War Veterans of the 11* S-* 
t>. N, G- Kaye, Lcni^n Kolso, Edwin Kirk, Laurence M. 

Klauber. Capi. A. M- KJnm. A. J. Knpznvr, Laiikenai;j Iloi^pitaL Rf- 
i^&^rch tinjtjr.tUOj Gabriel Lasker^ Mra- M. P. I^eRoy, 11* L. Liidowyk, 
M ibs Margaret C. McCtiHochs the Alartclieb-U^r I'niren^ty Prvis, 
Enieato Manciis, Eveline duBoeS’Reymond Murt’afs Dr, Curios A. 
Mundli, C. E. Miirah(dl, Dr. William IC Dn Riley D* Mo<^re, 

P&r& LiSo-Q. Morin, W- CL Mumsnhr.r, Mi^^s Heleti J oaf pi ini 

N'abuco, dfO Naliomd Research Council, the New York IVusl Co., 
Fp J, North, Dr. T, L. Northup, 'Hiornton Oakley, Paul H. Oeliserp 
Dr. A. J. Olm!^tecl, Dr. Victor Oppenhahn* Dr. Charlea Owens, Paike, 
Darb A Company, The Penng^h'anin. Kfiilroad, the Peppcrdl Mann-* 
facturing Co., Ji>si? Perest do Banudas, William H. Phelps, the Phila- 
detphia Oitld Health Society^ Dr. U. Pittier^ Adrien Quettah Chark^ 
D. Ratlfonk Dr, Fiiudt Raw, Mihon Ray, Sr. Dr. Don Adriim 
ReuincKi^, F* Richter, R. Rjiiguebt, Alpheus J. R^dJi^rU, B, Sahni, 
F. Sriimidf Dr, Waldo Schmitt, J. F. Sehofietd, T. J. J. Sou, Tlinrvalct 
SoJborg, J. M. Stanley; 11- Stetilf, Carh»5 SLeUfelEl, iJohti K. Theuinaji, 
Dr. J, F. ToiTuaiba, Dr. Cr H, T. Townsend, the Union Diesel Engine 
Co., the U. S. Rocket Society, Inc., Mjiiinsell Van Henssehier, .Dr- 
Egbert lip Walkiir, Mrs. Fii^ke Warivti, Dr. Alexander WetjiiorU| Mrs. 
Eleanor W]utt\ W, 1i\TiiUari4 R, Jillbnn Librajy, the 

Wiiliani Mttdndl Printing Co*, Sgt. Ffemy J* Ycnmg- 

CAT\lOtlJHQ 

The cataloging of currant material woe well kept up* Some changes 
in ptwedura aiid in work dislributioti avdto effective in shorteidtjg tho 
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iDtcrral iKtwwii llie receipt of dcw publicaiiong and the completion of 
ibeir piupa ration for use in tlie vnrions libraries. 

By wav of a 1>cginning in taking nccumte stock of lbs larga nmouDi 
of nncBtalpgcd naaterial in the libmry, lliree nmall collwlions of 
books on niiEcoltaneonB-Bubjects, rweiTod some years ago as gifts, and 
iiiunbaring 2.900 volumca in all^ were rongUy cfnssifiiid iinJ listed on 
cards. 

rriitsoirvEt. 

Tilers were a number of changes on the st.afF. iltEs Jiwpbinfl A. 
McDevitt, retired on KoTomber 30, IMS, after many years Bpent m the 
service of llie Tnatit !itioii,cliielly in offlre of Llie International Caia- 
iogiie of Scientific Literatucei but after its cUflcoiitinuance, in the 
library. Miss Eliiabcth Harriet Link, the librarian’s s«retary, was 
tmnsferred to the Freer Cialleiy of Art nil October 0, 1043, djicI Mrs, 
.Margaret K. Yonng was appointed tosticcceil her on Kovemlier 16, On 
Septwiibor 1943, Mrs. Margiiiet L- CKecf was apijoinud library aa- 
sistant in thecataliiging division. Mrs. Daisy F, Bishop rcsigoed ber 
position as library nfcafllaiit on January 2S, 19i4. and Mrs. ilarie H. 
Boborykinc «iirc(^letl lo her dtitica al Ilia periodical entty desk on 
March 14. 

Tcsmjiorary n[jpointcos were Misa Ruth Newcomb, who served >s 
librax'V assistant in the Museum from Atigntfl. 24 to September C, 1943, 
and .^frs. Cimneu G, Randall who succaHKlcd her on Soptembw SO. 

Then' Were upward reclassifications of the positions of Mis^ Minam 
B, Ketchiim. librarian in chargo of Uje Bureau of American Etlmologj 
library, of Mra. Maty A. Baer, librarian in charffc of tlie Arts and In* 
dustrjes branch of the Museum library, of Miss Marie Ruth Wenger, 
in charge of cataloging in I he Mnaoum, and of Samuel Jones, 

ITTATISTICS 
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APPENDIX 10 

REPORT ON PUBLICATIONS 

Sm^ 1 hiivo iho honor to eabmlt th* foltowing report on tho pub- 
licationfl of tho Smithsoman Institution anti the Govemmfint brauchpa 
under its jiduiinistrmtive eharga during tiie year ended June 3th 1^- 

Tlie Institution puJ>lUhod during the year 4 papers in the SmiUi- 
soninn MiscellaneouB CoUecUonsi 7 papers in the War Biicl^iTOund 
Studies aeries; 1 Annual Bepori of the Btard of Regcnta and. pam¬ 
phlet copies of 90 articles in the Re^rt appendix; I Animal Ifepott 
of the Secretary; S special publications; reprints of 2 papers in the 
Miscellaneous CoUeciionB and 1 special publicntiom and additional 
copies e f 1 volume of tables, 

Tho United Stalls Naiional Museum ieaued 1 Annual Report ; 14 
Proceedings papers; 4 BollettUB; 1 separate paper in the Bulletin 
series of Contributiona from the United States National Herbarium. 

The Bureau of Ameticau Ethnology issued 1 Annual Report and 
(I Bulletins. 

The Freer Gallery of Art issued 1 pnmpldoi, 

Of the publications there tme distributed 172,037 copes, -which 
included C4 Totumca and separates of Snuthsonian Contributioiie to 
Knowledge, volumes and separatee of Smitheonjan 

lancmis Collections, SlAlfl Tulumes and separates of Smitlisoniau 
Annual Reports, 75,749 War Background Studies papers, 4,911 Smith¬ 
sonian special pubUcations, 23 reports on the Harriman AUslm E^- 
dition, 40,917 volumes and sopamtes of National Museum puliUcatians, 
14,90a publicationB of the Bureau of Americim EthnologyT f catalogs 
of the National CoUeetion of Fine Arbh 3 pamphlets of the Freer 
Gallery of Art, 23 Annals of the Ajslrophysiwl Observatory, and 
I,1S34 reports of the American Historical AssoriatxoR. 

SMITHSONIAN MlSCtOXANEOUS COUjECTU'XS 

Four papers in this series were isued, aa follows: 

VOLtTME to* 

No. li tlw fcedlna apr«f»lu« it l'’0“S “"O rtli«aa(>c*nTlntf Hl«ai A wanlnic 
mtirlbrnlim to aunlleol caioninloiy, hy B, R- SitndaniwB. 5) in*- IS 
StSSL) 11), IMS, 
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Nfi. £. CrCHW ftectleum N+*w Worlil pretilj^toiT ' ^ brlfef B(.'Ti^rt im Uw weiTlt 
Ihf fif Andmn by WlUtuua DitnoiTi StTuni: -lO 

lip., aa pis., j eg. (, ar^e. i ijwwiHrr 31 , ivna. 

N*i>. a A iST-dJty pi?rliid Ij3 WQihlniitoi3 prciCslpitutUvu, liy Ct O. Alalwl, 4 pp.* 1 
(TobL P^^iFTiilty 3.1II4C 

4 . The ioUtMSfljpe fif l*e 1 ai am! y*l dltiifkdp m rtfplnitVrm af 

etiulBtnl IiEirlear «9e<lllti^ bf B^Riert L* A^eiDti-HTib Riia Enrt S. Johiutoti. IS «>,, 
2ptft*8flg?L fFohLanSP.^ Jiiae2S,im 

Tlie following Mjsm1Jaii(?ous Gollcctionfi papers were reprintjeii i 

voLtritE Sfl 

Rmlthsonlaa Met^inuLOipt.-al TDbka. Fifth Hetrlaod E^ltluD. Tlmt flepriztc 
(mhllUpnat copies printer] wJtbniit change). pp. iPc^ EUR.) 

VOLUME 

No. 5- MnUoam inlecmnllfite th^. Aslnlle bhmd /liikp« StckUiMomo 

and »p&ctc» coiilueed with Ihcrni, hy Paii) UnrtKh. (10 S pla. 
(With dceerlptlon of t nnr wpE^^leAi S pr-^ * ngR-l < I’nhL 

VOLUltK ld4 

No. !L Tli^ fiMMlIng B|T|.mfaiti 9 of tiPinp; niid diseasedrryltif ^\trB' A wertlme 
conrrfbutlQn to medleal imiainiklogri bj HrtndgrjagaL Til pp., ig (Ttihn 

mzy 

WAB BACK<JJIQUNP HtTItHES 

In this new series tif Smillisonlmi piifaUcations, thvru Kere Jssuod 
during the yeur Uie following T pupejii: 

Na. 13, Aliukii; AnMrica'!, «.Rtlii(intal fmTiMiTr outjmti b, P, Wulkor, 

21 £1 p).,, 3 (Ptibl.3T33.) Juir %. IMA. 

Nik 14, IfliUKl* Hiitl pc«p1t!> ot Ibe Indie*, by lUuFBiiMid KemiEdy. 33 tip., 3t 
plA, T Jlj^ IPUbl. iftM i AUBlIEt D. 12^13, 

in Icelnnit iwd Qrecnisad, by AniHln H, Clark. 1<16 pp., 21 pis, 3 Pin, 
(Publ. TTSa.l ADgnot lb, IMA 

Xa, 10. ItItBiJ peoptiR of ibc w«*lnni t^rlOe; Ulcrortvila Bud HultutuMi, by 
Herbert W. Krlcitcr, 104 pii,, 21 pU.. 2 ttip. [I'uM, 3TBT .) Stfpl&iiibeT llO, llHit. 

No. IT, Bartuft^-Ootffway to Cblnn, tiy H. 0. bi'liimii, 21 pp., in plL, 1 rij; 
IPuW, 2733.1 tlBtotwr 20, im 

No, 15. P'cvpInH (Ilf Itnlls, by WllUatn tl. GlltM.ri. 3G tip., 31 pJ*!. SIro. It*ubt 

HT11T4 April Sfi, 1M4, 

No, 18. The peoples of f rtrndi InOtfclilmi, by OJoT B- T, Jatuit 2S pjv, 2J1 pJs., 
I 11s. IFUhL 3TD8.) June 12. 1044. 

War BArkgmimd Sttrtlios No, SO, “China,” by Archibald C. Wifnlt^ 
nnt] John A, Poiw, was in press at the clogo of the tisen! year. 

SJirrHHONlAK ANNrAIj RJIKJRTS 

HifptfTt for /fljS,—The cumplplft Tnlttme nf the Anniinl Keport of the 
Bnard of Regents for 1M2 was receivetl from tho Ptiblic Printer on 
September 34, 104a. 
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AuriuiI itv|iiin o( ttae Buord df nf llitr Siiittli»«u9a]| lurtimtUiD ntiowlni 

tlie iififtnilJoiift, eS))i.tidimn!9i> luiil cosiliOoB of ibo for Uw eiuttnl 

10*2; Xltl4“4£l pjx, fiS ills-. 44 fl«SL 87lKi,) ItHfk 

Tlie gcueml i;p|}4*jiduc contiiiuRl lh« following (Pulils* STOCf- 

3725): 

Hie 1»H of the Loojtli'jr -’HDPodroine/' by C. Q. Abbot. 

Thu ot Lhe exiutidlti^ uiilTcrae. by EOwto llolible. 

Qalniica, by Barlow SltniiU?. 

la tlM>r« IJiO on ibe otbor woflita? by Sir Jnniea Jmiiii. 

$t*lar rHdlntliin aud ilie Hale of the atmw>ti5o>ti!. by Bocliifi Tiuo Stulauu. 
Tbo mu uud Uie orrtb'a mncnotlo fluid, by J. A, 

UlrruTloJfli IJgbt bi a mnlliiry util, by Lool* OcraheoreW. 

Trendu la pnrohsuni BWJle*y, by A, I- Ijcmtauit. 

sod tbelf Metullk' mutllmakUi, by E. P Huudi-nton ttud Iftuiirt 
B PhtJh, 

Plilll|iDtiiu uktitcfl jmd tJbe ijekUta prohl^ai is reapral, |>y 11. Olk'j Ppycr. 

Clic[uli<a) propeftlc* nt ttrose*, bj W. bi. Htuiitoy. 

liidunriiil darelopnifiit of ayndindp tlUta^Um, by |tiiiu 1 tiH>b T. Udjor. 

Hie iminiloaat requlmuntir* of [uau< by C. A- mTOhJiuu. 

Ptt#» uiiil jinau'nt klalud uf tlie hiuriug innmaiala of Suutb Amonai and 
tbo Weet tailtOA by BomliMpaii KPlk>ttc> 

Tbrt Kduj-u of the ttuislt ox. by Siatilpy P- Youoj;- 
faotm ooeruiBsof oor cereal cropB, byC>B. Pucluird. 

Tlio Bwerrarblcal aipocti of titiilairln, by flir MaJwIm Wit&jii 
Tlie bninjidindA of by UUtord B Poster. 

CllllAdA*a liUHUD prutlloUl^ by Diotuotul JlRItli'^. 

Duhar abd the other ChEia Ve«l« sotlloiiiciitB, by Derwoot iTlilltb?*^. 

firpart for /5itS.—Tito liuport. of the Soerelaty, whiefa mduded tho 
tUiancial rcpirt of the eiccblive curruniuou of tho tloarti of Ktigvots, 
ujkI which will form part of the Annual KeiKirt of tin? Btwrti of 
Regent A to Ccaigrcsa, waa issued Decenrlwr 21, 1943. 

Sojicirt of ibo SKfOinij of Ujo SraJtbwiilaa luitlltitUiii otid flitancitl rejwrt uf 
Uio erocntlre tommlltee of Ihe Bimril «f ftwiwo tor the ymr eudial Jujwt 30. 
1U43. IX'f hfl FP.. i pbi. (I'tibi, 3T40, i iW!t 

The Report volniuo, oontnining the gattuiul oppMidii, wua tu presis 
at the clo«b of (ho year. 

SPECIAL PI:BUL‘ATI0N8 

ClJiminiiil list of ]3i(iilttPU)iilun (luhILcuMona uralUible for dtatrllmtkiii 
L lb(3>a by Jliiiiroa. 47 pjt. (IIjIiI. STiXIil thiU'Wr 1, iMfl. 

A flelil «»|bie(.ur‘a intiuuut In vutunl blmory. by iceftibcra of Ibo itoU uf Uin 
SuilUtMtiilan tuuiltutieu. llS lik. Ofl flf'*- tPubL Jtlisii.) April 2fl, lb«4. 

The following ispwiiil piiblicalion wns reprinlctU 

tlnndlw’h of tbo Jialleiuil Alfcrufl, Collifcllwt. by Paul E. (larbor. 1 (fill 
Edittao. 43 vp., m plA, I Ufl. (Pubt 3(135.1 
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Ni>. It Ora ifiClkmrt uf ?<(iw Wflrid pdre^ljil*iTr A bticf n^irt mi tlsft work 
of tbe of Androji IENII-I0IS, hf WHlIasi DnpfUD ^trons- 40 

jip., 33 plA, ] flg. SXSOli Dteonilx-r 21^ l(H3, 

No. A A 2T-dliy iieffod tfl Wflfthitigton lij Ct <1 Aldxit 4 iflXn I 

n«. (Publ. arOA) F^bfuarr A 

NOr A 7ltd iiiriiirnwH * u£ tkRbt Atid of ^rbon dioxide on llir r^fiiilnttLlon of 
eUoIntrd bdriej swRIukb. bj Hohorc 1#^ WelotrAnb And ICAr] ^ Jobbutoii. 10 [vp^* 
3 plfi.. S ds^ (Piibl. WSm. > Jiin^ ^ 1{I4A 

The foltowiDg Sfisicelhimous Collections papers were repnnteEl; 

VOLCVE SB 

8mltli40QlAn Hotoofolc^coJ Tnlil^ Flftb EcrlAedj E^Ucton. Fim ftepHnt 
(AddlUounl copitf* prlnt«iJ wlUioiil cboiigo}, lixxTld-SiSS pp^ 1*1^^. 

VOLTIMZ aa 

No. IS- Molhi^ican Jnlvniifdljite tnifitA Of lh& Asia Me blood R^At^fOdoma 

iaponie^ni, And ipoelOs oOAfiwd veiih thom, bf Paul Bart^. lid 3 pia. 
iWitli itoHcriptlfTii at 2 iipeotes, 5 ^ l I'ubL 

V€iLU»^ t04 

No. 1. Tbo feedtitf Bp|Mirali£$ of bUlna ai^d dl^i(0<at7ylii£ dlL'«; A warMmo 
eonTrlbudon to modfcsl onEomalof by U. E. Hfithd^rnsg. 31 pp., lb flvse. (Ptibl; 
S732.J 

WAB BACKRROtNB 8'IT-D1E8 

In this now sf^ri^ of Sinith&oTiian pt^bllratiOTigp Ihon^ wpre Is^icd 
(turjiig th(j year tho following T pq|x^r3; 

No, IS, AbiiO^: A]iri«rliTn% conUjiituEAl ffonMor imipa#tn by Krneat P* WnlkrTp 
£1 pfi,. SI !>«■.. 2 %9L (t^tij. am ^ July Si lEN^ 

No. 14 lain n it* mul p^pt(M of the IqiIIob;, by Bay'mond KoiuitMly. 60 21 

ptB,, T fPqht 3734,} tk IP'IS^ 

No. 15. Ici^JnoiJ noil GrefolODil, by AllotJA 17. Clarlt. BiS pp^ H plo.^ 2 
< P«hJ. 3735, J Atigoift imflu 

No. 16. lAlaod jwplei of the imioni I'airllli*! Mlrrfioctli] and lifi^liDmiq. hy 
Horbort W, Kfiefen lt>l pp^ 21 ptit, 2 djja. (Publ. ffST.) Soptembifir 10,1643. 

No, IT. Bamm-H^Drowaj to ChiAo, hy B. Q. J>-ltio4Ju 21 ini.* 36 pta.^ 1 flit 
( Piibl- STBS, I Ocfolier 2f>p lD4l, 

No. 13. trf iniiii, by Will lam H OlltierL Sd pp., 2i 3 Qim. (Fbht. 

3Tif7 I ApfU 29, im 

No. 16. The jjeniilp.'fl of fc'M^nch lortm-lilDii, by Oluw R *E Jauh, 2S jip^, 25 plA, 
1 fls tPubl 37m) Jupe IS, 1044. 

War Bacfcgroiinil Stuilieo Jfo. 20^ “Giino ” bj Archibald C. Wenjej 
OTid John A. Poppp was in prfrss of tlie eka^ of tlio fi&sMil year. 

swrrns^iNUN annuai* rkports 

Ji^p&rt fer t;oni|ikto volume of tho Annual Hqx>rt of th6 

Board of fleifeiite for l&4£ was rwftived from thn Ihjblic l*rintj(!r on 
Soptembor 24, IDIIS. 
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AmuiMl *‘f 'i‘0 Bonnl at. tt<*cuta cl tlie SteJllisfitiiaii tiiallniibn aTiiiwUis 

ttic djibnitluttf. exjwnilltiires. ittiij conMItluii of tbe tor ibc Jwr cfiiltMl 

Juno 3IX1 m::. jiJJ i -i-tii jfp., sa pit,«(!«». (sm» i(M3v 

TIh! geniirnJ iippctirlixcoiitttined iho foUowiug pBjxirs (Pubis. STOlS- 

37d5 ): 

Hie oi lilt! “asnMiroTnep" I>j' C, Q, Aiibo^ 

Tbtj iiruLkiu ot tttc «KpiiQiJufcff nn^tcrr^u^ tiy Edwlia Uubble. 

Gftlaxic^ Harluw 

la tbfyre Uf0 ibu fitimt vorUhl Bit JnmvA Jiudj. 

Solnr rjiitlAtkui ^iid tlJiifl ilii; atJutri^plii5f^% by lliii-iiitj TruL^ Sltflsaa 

Itie ^ti juid tlia eortii'H moi^ftlc by A. FIffflitis- 

muAiloli^t Ktrlit Hs n ftifittflry ixUU by Luiatii Ombonfeid. 

Trflii<la In. petTObuio ^jEo^Ey. Ijy A. Lmtnsak. 

SIiTlfiOTltei fiiiil llHtlir tiwtuUb; oimlitllluriiUk by ^ V, JlirtMlvnwii and HuiafI 

£L Pettyr 

i^|[JliiUi 4 - tfikthiss ond Ibe pratjloTii Iti g^!n^t^aT. by a. OtUy IkfyBT* 

di^lciO proiH?riifi* of yirusesr by VV. M. Sianl^- 

Laduatrlal dt>¥£rltiiiinefit of trtdbisf.lc Tiliiiuitu, by RaiidtiUiSi T. yitil*n. 

ITae niiirltXbttBl irt<mlrMin*n.t« ul imth bj C, JL Elirtibjpm. 

mid (ir^i 5 iit vulon ot ibo mnTlno inimiiiaAl^ at Booth AmottCA find 
iliO We»t IfiilEoa^ by Re^dliflilin 
Tlie return of ibo inii^ os. by Btitfiloj V, Tornist- 
tiuect eiw^iubs of efly cm^l fTfifia, by C- Al. Pbc^bArd- 
Tb« ttrtiffmtrtiiiitt! iiapw:fi tBVtiiriji, Ity Jillr Mnlmliu Watfeon. 

Tb« btfitHiilLmli of BtuH. by SSHforil B. F09lar. 

Gnnnilii'# Iniiioii probli.-nia, by DlAni£>ntl Jyiun iat 

BtOkmt and iht otlwr Chiw Verdo seitkrmeiiiii, by l^yrvratt Wlitttbaey. 

/impart fur W4Jf.—T[it Ktuiort of lliu Sot'WjUty, which itiflluded tho 
fuHitMUfil n-port of the rxocutive cummUtee of tlio Btuu'd of Biageiits, 
and which vrill form part of the AnnunJ Report of tlie Board of 
Regents to t^ongrtBs, was issued Deccn.bor Sl^ IftiiJ. 

Kvport of (he Sfitreitfry nf Lhi? SniiUjNgtitBii ifiBlltmlMi Mtid AnttunUiI i\t 

Uio niiii«milTi? 4 !OtwnSUeb ti^ ttir (bnird -if fi^^nta for tbn your endoil Jum? 30. 

]|H3. H-bSOpp.pJiplA lt'4a. 

Thfi Report volume, conUimtfig tlio gciibrnl appendis^ was in 
[it thb close of tlie y 4 ?or- 

liFECUL I'i:BLlCATltlNa 

CUt^illrd Hat ef Builtbxtjqilan puhJUiafloflii ami I Able fur diatHbutlon OdolrirM' 
L im by Bislfjn liunwe 4T S7MLMoWr I, llM^l 

A flulil i‘«iHoFltn‘‘a imiriiua la tmtuml M^tnry. by juiviitburti nf tb« Mtaft of the 
BmJ Ulmiii Idu Itif iltmlotL llJS Ofl (Pobl. i Apr 11 

Tiio following specJitl publication wiiH repriuletl: 

1 rarfiill)crf>l« of ilu5 Sslbina^ Alr<jmfl CoHorliaD* by FmuI K. OiirtK^rH FItili 
fklltUiuu ill iiF^ -a ^ (Fubb 
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PUULICATJON8 OF TTIB UNITED STATES NATIONAL MUSEUM 

ThocditoriftJ 'vpork of tlie National Mu6«um hoe continual] during th« 
year uiiiior the immediate direction of the editort Paul H, Oeheer. 
llicre wete issued 1 Annual Report, 14 Proceedingis papers. 4 BnlletiTis, 
and 1 separate paper in tlie Bulletin aeries of ContrlbuttoriB from the 
United States National lleH}ariumf as follows ; 

xtTsnvM onrusT 

Keport on Ujh pnocno^t nnd cQQdJtlOQ of tlio tJnJtM KstlW)L Mukiuu 

for Uw flml j«r ended Inn* 80. IWB. 11I+106 j®, Jantur^ IfrH. 

Tills esMe of eoDCenta. bdiI ladex- ¥p. h-tlll, m-a2&. October Sft, 

im- 

VOLt?M 

Tltls fAcSf tuliLc at asotcuta^ and Iftileg- PpL I-tUI, Kavsoibsr 

I&4.1. 

VOLUliE Sa 

No. BlfTT. Nw of htipr^Ud booties of tbs fioua friitn Trlu- 

jdad. bjr W. 3. Fliber. Pp. *luiy SQ, 

Na 816 Sl 3om& fuoifiia bssttea of tbe finsilj Endoiox^idos lu tbs Unltsd 
StBtca NatJoiml Mtissiioi, tnotUj from l^tln Arnsrlca und the PblLlLipliH? laliLD<l«» 
bjra F^Strolietkor. ni. 3^1-39:^ at 12, AtlfftHirf 5, ltH3. 

Nol 3id£)i Btimmiiff of thtf coUocUo&i of ioakas and crwxlMlatui mail^ In 
MqxIco under tbs WaltSf B&ibboos Baooa trsYcItEif «diolar«h1t^ %j Hbbon 31. 
SmlUi 1-p. 8ti3-S9t» Gga. ift-liS. iil. ICt Octobwr m 1943, 

No. The Nortb Amsrltraa patftiltic vra^ps of ibs 
mifribiUtda to btoZiificmt c^utroL iaii^cc bj B. Du Bnrka. Fp. E^OtM5l)8u 
flea. 13-21. Oclobsr 2B, 1943, 

Tinsiw^. labls or cuois^is, ai^j IdJsgc. 1^. l-tIII, 0OB^7. AptH la im 

raujMM 

NfK 3171. CaiaJotC of bttmao minJft in lbs Uottsd Statss NoUoiuf Muscnufi 
coUocUou: Nob^EakLmo people of Lbo Nui'tiiwsat wut« Alaaka. aoiJ Siberia^ 
AM finilLGlm. Flp. 1-173. April 6, 1D44. 

No. 3172. Tbo cAtflibsa fif VsneinSlA, with dwnatloua of Ualrty-oJ^t nsw 
form^ by I^tiard P, ScbnltA fpL flga, 1-B> pla. 1-lC Fobruarr U. 

1914. 

No. 3171. Bsvlfloiia of r#o of dulcia-fllH hc1iitui1ii.u to Ibe family 

KiipolmEdiie fraoi North and Booth Amorl^^p by JL flu Hun f>p^ SSM09. 
NoYsmbsr 2fl, 1IH3. 

No, aiT4 N™ iq)Qdf« of Aniflrlcun tcolylold b^etJu, mostly Neoti^i^dcal.. bj 
31. W, BluLkiJiim. Pp. 371-SOD, }da. 15-17^ Notmiiier % 1948 l 
N o, SlTIk A mrlalua of the l^hloiftan, wab^luoart, of ihs Nitw Worlrt, 

by Edward S. Boat Fp, I01-b04 dflt pla, 1»^10, Jahuory 19^ 1D44. 

No. 31T01 TwtiYp now B|wclE>a of Chlnw MMiptydld* of the pmtta 
XipKidlojutU^ by I'lritm It TlaUutm. Pp. ri05-4S37, % la7. April 29. 1D44L 
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VOLUKS ga 

No, NeiP Amprlcntt cralpW# fnini sails, ll>r Ijswli B, VVetO. Pp. 1-M, 

April IS. l&H. 

mjLLtrriKS 

No. V3B. Arfh«it^^c*l JnirisatiiiiUoiui Ld PUit^ nud Clay Ccpuiitl««^ 
toy WsJiltt R. With appendix, SkelBiaL reamlM ftom Platte and Cl*^ 

Coontlw, iUawofl. Ijy T, Dale Btflmtt. riU+SW pR, 22 Ses-, 80 pis. Octi^w 

Nft 184. The mptsUnsraptar cf meteoric Iron, hjT S«eit H, Patty. ftll+20Q 
pp., V Ihm., pis. Pirtiruafy IS, 1M4. 

Na litS, pert 1. Chochliat of the colwpteretia Insecm of Meilro Ceiitnil Amit^ 
liai. the W»t luilles. and South Aaeriea, kmdpIIbiI by Rlcbnnl E, Blacfcwsidcr. 

xH+JSS PP^ Match T, UMA . „ , „ . , 

So, 186, pert 1. Cbeckllst of the ccleopterois IdsmU of Maiitso. Central 
America, tbs West ledica, sikI South America, compiled by BlchArd E. Blst*- 
weldrjr. Pp, ISO-WL i*im* ^ I®**- 

coimtiBimoitP ntOH tsb cnirax utatm kahomai. iiEBBAMOif 

toaumx so 

Part 1, laxononUc stortles of iToplcsl Amcdcau pluult. by C, V, Slotton. I*p. 
l-xL, ]-a& Unrcli 23, 1914 

PUBLICATIONS OF THE BUREAU' OF ASlElUCAN ETHNOtOOr 

Tha editoriiU wortt of the Bureau has ooutiauud under the immedi¬ 
ate direction of tho editor^ M. Helun Puimar. During the year there 
were isaued 1 Aimual Report and 6 Bulktins, as foUotrs 5 


SXmKT 

SiAtietii Annual Report of the Bureau of American Ethnnlogy, 
® pp. January 1944. 

SUlliEIlKa 

133, AothropOIeetail papmS; sumbcru lft-2^ li+fllB M pli., B2 ess. 

No. IS. A sea,teh for aon|s smcrng the ChllltascbB luflloas In Louldaaa, 

by FtunjcM DwBmert. t,,.,,... 

No. Sa Aicbsoloelwl mrrey (m tha uorttOTP Noribw«t osm^ to rblUp 
Dniriwrr with sppeodlx. RsfUr curtebrate fsomi af Br'^lab ColtjmWs 

ronift, tyj E4lii4i IL Flrtier. » s« 

No. 21. SoEEM lEOta on * fow 0 lle« ID Bonnfoirt South CttfoUanf dj 

nefflna rioti»«T- . . 

No. 22. An niuityilt md Inf^^liretniim ot ih* remaliis from tw* 

iJics umr BennTdift. South Gi>^Lqa, br Jaimw B- 

NA a The MStEoi OierokesA by Wlllism Hsflea Qllliwt, Jr. 

Nft 24 Arimlie poison wbsllng to AiSa suit America r Ao Aleittlen irtt* 

lef tn tbs New world, by Robert r.Helter. , . . 

No, £Q. The carrier ludluia of lha Rulkley Rlterj Their ooclal and 

rvllcloiis life, to I>la™»od Jennws. 

Noi SS The qaspu sod PeruTlsn drlllsntloa. to **- S^aotoa. 
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13a. ^tlkropoloi^cn] pftpera, Piurntw^r* 2T-55! tIQ^STG pjf., JK pli.* 9 Wia. 
UMa 

Kfl. ST* Mtmlp of tlie IndlanB of BrlHati CfilumliJH. by Fraurwi Denraone. 

T^^^. 2S. Clioetnw cauaFr, liy Ftaucei DcMmorw, 

Kn, £®. Sfltne E>th»u1o$lcii) Oatii OTiWTilnf one bnndral TucfliMJi pennrt^ 
by Morrl* Sinw^rdu, 

XoL 30. A ac«ripttmi of ttdrty t&^niB Ln VijtAtiCL bj MorrU 

Sti^lX^rdiL. 

Xo. Bl. Some wfitferti SbofliioaS myftiit, by Jftllon H StcwTitd. 

No. lEL K™ moKfTLal tnm Acomn, Ijy Lit«Ue A. WhUe. 

Siaoe ffni mimfi ni'a i>f aotttbcm by Mattluiw W. StirUn^ 

ppi^ 02 pla> 14 

133, An Intffflluctlon to Lbo ci?mtnb7* <if Tree Malrq, bj 

Ov W\ WfiJunt. alv-hlM pp.p 73 jOAh 5l 10 mBpa. l&43v 

140. Oeraitik' Aeqniniees at Tre* Zijpi>tei, by Plilllp DnieKer, 

ti-hl5S |ip. 03 pSfl-. -W flia i&43. 

14L Ceramic amittiTitiiby a( Cemo 0.* Ui* Terncmt, liy PhJBp 

I^mckoT. tLL 1-|-0& ppn. fiS pla+ SlO 1043. 

POBLICAnOXS OF T£IE FREEH GALLERY 07 ART 

The Frwr Gull^ry of Art 1 j>flmph]et| afi follows: 

Tbe Freer Gallery at Art at tbr SiDlUtnaDEaii loHiltntlob. 12 pp.^ 0 2 

Hgs. lADimry ll>44. 

REPORT OP THE ASIERtCAN HtSTORICAL ASSOfTlATIOX 

The imnttitt reports of the An^etican Historicoi ABsociation ere 
trtmEmitted by the Assocltition to the Secret hit of the Smithsonlsn 
Institution and are communicated by hini to CongroESt oa prorided 
by the a^rt of inix>rponitii 4 n of tlae AasocmtioiL The following i^jiort 
Totumes were leaned this year i 

AT*o ^ tn l lUrporl ot the Amerlc^io ObitiMrlcal AftaoclallDb for the year 1042. 
V^elume 1. PtoceedleoB and Ret ef 2L Leltrrv from Ibe Borllb 

EoibflB«y« 

The folloinng were in pre«5 at Ihe dose of the iiscii] year: Annual 
Report for 1949, Volume 3 (The ijiiefft for political unit; in uortd 
Imtoiy) I Anniial Report for IMS, Volume 1 (Proccedinga) and Vol- 
111J10 9 (Writings on American History). 

nEPORT OF TH£ NATtOl^AL SOClEITt, DAUaEmmS or TH£ AMGRIOAK 

KEVOLtFTlOM 

The manuscript of the Fortj'^ixth Annual Report of the ^ationnl 
Societr, Duufditem of the American Ri-volution, was tr&nnmit[«1 to 
Congress, in necordnnee with bw, November 15,1013- 
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AlJ-OTJ(E3m FOR PBltrrao 

TTw coBgressicrtuJ cdioLmeiiU for this printing of lUo SmitliaonUn 
Ansiua! Bijporlii to Congress and tlie various publications o£ the Got- 
enimeiiL bureaus under tha adfuinistratSott of thn Ijjstilution were 
virtutt% used up at the dosei of the year* The appiopriatiun for liifl 
coming year ending June 30* ltH5t totals $B8r5Q0, aHotted oa follows: 

amlttuvuLiui Inattiudoo-^ - ---—■ tlO^OOO 

Ifatloiani Uoaenni^ --. ---- 43,000 

Buraitt ot ^nwrEiiait ffithaoluo?— —---— IT. 4S0 

NaUeuRi Ccaiectloa of Flan Arin — -- --—^ ^ 

latertmlloniLi Eatettfloges— -- — -—— 

Kntloofll floologteni Farlu. —k—--— -- 

AKtnrphrfilcal ObferratOfT.- —— — . —— — ■— 

AmerNtan BMorbail Aaioda^oii--- - - -- —— 

TotaU- --- - - - SB, 500 

Respectfully submitted, 

W. P* Thue^ CKie/f Edit^ruU Di^^ieion. 

Tim SuCBUTAllY, 

/ns^truffon* 



















EEPORT OF THE EXECUTIVE COMMITTEE OP 
THE BOiVED OF REGENTS OF THE SMITH¬ 
SONIAN INSTITUTION 

FOB THE TEAK ENDED JUNE SO, 1&44 

To the. Board of of th« Smthionitan 

Your flMciit.iVBtciCftOiiiUee r<sp®ctfully subiaits liia following npo^ 
in ralaUon to Llie funib of thu SmiUtsoiiian Ijwtjtutioii, togotber with 
a atatenisnt of the approprifttions fay CongTBSa for the QoToninwsiit 
buFcaue in tl>e adminUtrative charge of the Institution. 

SMrmSOKlAN ENDOWMKST FUND 

The ojitlimJ tiiwtUMrt ot Janie* StuldiMin aim iiOitMlO 8 *. O.I.—HOaBlS-fO. 
Bcfiiiiil* irf nioaey expenOitd in prowcuilofl ot tl» claim, freii^iai liaurnnHS, etc^ 
topjUief w)lh pn^inent Jmo (Iw tonfl of tlk« mm af A 015 * wtlcti haJ heen wltlt- 
licid duriDK tbe llfeUiHe of Uudanie dn 1 ft Hi tot, broiiBfal die ftiiul to tlie amoanl 
ftftSCOiOOO. 

Since ilie original beqnwt tlia Inftltatlvu lioft rvcelvod nifta from rarloiu 
lamrctia la tbc jnure prior tn ISKt, tbs iacojoe Ih>iD wblcb may be whI 

for the work of Die InKltutton. Tbese, liiciuJiag tbe orijlnal b«qu»1, 

pitta sftvlnp^ nnt llsi«l lielinr, tosetbor wllh tlj« incoBia lur tUe pmcicnt ynt. 

enhowuekt rcNM 

(ItKunte fnr nntefttrlctoU tme of the JnsUtatloo i 


Partly dcpoaltod In If. S, Trtamtry at 0 rerceiit wnl [lartlf In 

bundJt, etc. 



lif¥v«Lmitit 

iDWM{)rB- 

MtSninf 

hm fatkl (ATidtteud ftmmiMi UttimiililJd 

CTMiaa 

m^TOLTf 

1 

^ A 
B] 

1pt»i IT 
lU^Ul.W 
J.Off.Jt 
ton. 97 
13T,|1LA 

1 .aM M 

U 

VpflULBS 

»tia 

mm 

lH«a 

4J.M 

Btn 

ilALit 

M Ml 

ijtm imii- liMQCHp . 

}lwbiA* Dr. B., b»iueffi Imwl. -. 

eY_-a...i.a.i_uM D- an.'l I^MwIhw haiVnUI fftlln . ^ 

lilUlHQlKfe rwOlCT r. MM ftiuiw— .. r- 

HuDilum,JirtM.WiuwtluBd -....... 

^od^dcUjr.TbQttEitO.,hind . = = = 

JIBho, TiVlUlum J™*, b«qM Anil ---- — x*.. 

BAtihtfila gntiT* n., 

Withwi^tTlMBaii A., -- 

Upodkt r^Bd, ftUdi in nsvsAatnelWV iiul- r. 

l+wL W 

iOBLIKLA 

TRin 

ILWT.m 

» , 1 
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The Institution, holds sbo s number of endowmont gifts^ the income 
of each being restricted to spedfic w. Those, pUis secretiojis to dnte, 
are listed below, together with income for the present your. 


AbMt, wailitt U, fentl. Mr WT*m»iaM to 

JtUWi IliliiUii Coe lAt] And J Cf Ina 


jyfibiidkctRnMi 


iWr! ^ iBWiiiiiii 

BKlnlVLUinr u.,tuni!,IwrfirtBURiBmffiwWto 

radslif^ 1^.,, tdsft, iwftfbM ol ^omim ^ Lbf 

m if Am ’C*flflrtd nlMitHt 

dsuvIwUii, rtww*l m Hmwm dwl ^nmnUe® 

0liSKwS^fe^Jibwi a.i-iStwr'lin^i *« .Aimio- 

n^(Sii>OuS!qM^ ki' i»i«w WKI Illflaa^if WS*i» 

nnSut Brw*, *o taftiJ.naOm 

Mrar,' Okilw^ 


14 f fl'rimi* inrti «r nn ft»r 


UraTOfeUiAfliwWiudva.lEiod,ftur pt lf P * * ® ! ^ 

Utt on laO NniSlui il» Kudouol CoUtitoQ ef 
Not<oM Cidlntia* or rH>« Artt, JtOlO U. BtiDiJ« tivqimt, itt Uit loneUt 

d btikmi pihi 

i^5l5«y;^»a 0«m w- tBiiiiimo" 


fioJSTlnt'h^'kir aftrimiiw^i httimm Biititif 

E jaSyStte to Mti WiUliHiirfflHls W »ftnAW»M lb' ^ 

TpSff S5f SS i Ui hud. (or 4imlfjvnmm ar 

ofeodlH *ed imbUihll^ nuHn ihaiior, - 
__ .JUDd, tidilHitruirt.. =-■■ 

iHbXfa^ Idiftli (utiA, iur 


Tcul.. 



Inuran 

flfWCt 

|KD4.ISI» 

iS.W.» 


itHaffT 

4ft. mf: 

^mii^ 

Wtift 

rftLW 


ir,?H.M 



IIS. a 

ST.SMlM 


wn 

iCI 


m» 


Atao 

t«km7i 

4^40(1 dD 
W.fD 

ix.nt« 


Mh.h 

ftft-i:# 

t.aia« 

sn.tq 



aSLtAM 

].MlL3fr 


4,lftL» 

45.WII 

IT.TDia 

i,m,n 

t&?a 

iZt.fTft. J# 
l*,^7Q 

41 

» Wt.V 

IlLdSLOl 


ipWi.Aaa} 



Tko abovo fundi^ tunount tq a total qf ^,7l}1^3^.48t and aro camwl 
in tin? foUowijig mvftgtdient awjunt® of the Tnstitittionj 


Di S>. TrtifliiiirF lii.’Crtant* drmvrliie ft jiuraiMtS 

CoiuioliqatAiq hivwi™nt fUnil (lacooiu in AiUle btlorw J -- 

llenl «tate» iu<irt*BKrt* ———--—“—- 

SpciCliiL fujid^p iiilsdtsUaawns linTattiiiin.ia_»_-,— ' 


n, (WO, 000.00 

:Sn,T7fi,ST 

ftUOClflLTO 




C30NlM>f<lDAl1U» FITK® 

This fund coiitsins substantinUy ail of the inTeatments of the Institu¬ 
tion, with the exception of Ihose of the Finder Gnllory of Artj the 
depoeit of 11,000,000.00 in the U. S. Tressury, with gosrsnteed income 
of 6 jx^rcent; end investmenle in real estate end reel edeto nturtgages. 
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TKis fund cohtaiuB endowmen** for lx)th unrestricted and stjecific Uflf. 
A statement of principal and incams of this fund for the lost Ifl years 


foUotra: 
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Gain In lnTefimfiTifs ever je«r lOta 

InTestment* tiu'le rmni sifts and ktUh? or Iiwoiwl.-- 

Investmctits frf aaln from sslf*-! etc,. o( lecnritiia,—- 

FIIEER oaiaerv of AUT mSTl 


mMt-80 




Enriv in 1006. bv deed of gift, Clmrles L. Freer, tif Detitut, gave 
to the inatitution his colloction of Chinese and other Oriental 
of art, as veil a? paintings, etdiingE, and <ither vorhs of art by 
Icr Thaw, Dewing, and other artistB- Later be also pave funda for 
the construction of a hiUhling to house (he collection, ond finally m his 
wUt probated November 8, 1910, he provided stock and secnriti™ 
to the estimated value of ®t ,059.K91.40, as an endowment fund for the 
operation of the Gallery. 

Tlie above fund of Mr. Freer wbs almost entirely representwl by 20,- 
46S shares of stock in Parke, Davis & Co. As this stock advanced in 
value, much of St was Hold and the proceeds reinvests! so that the 
fund now amounti; to appmsimately three i.itncs the original vnlur, 
or $6,^1,462.17, in a sdetrlcd list of flccurities cTassafied later. 

The invested funds of die Frwr beijiirat are tinder the following 

Lendings: 
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Tspgi rxr?ci> 

Onto In toffsttneut* uTitr r«it liMfl 

InfetCiDiFni of Croni salE?^ call of seOTiUMp - - USO- 1<J 

eUMMAll¥ 

ItiTf^ECd otidflwiDMii for jpettml purpoaea,^,.^-- - c*SiO. (5T 

fjiv(^tod flgMii iwtnptit for i^NB«lDt! purpo<trii pLlicr lltau Ffver tUtiow'- 
iBeiit____ _ -- ___ _ l^SGiaK^ai 

ToUJ SnTecte^ eadownjwit otbiJi' thttJi Freer oiulowrmt - S20. ^ 

Froor for ipectflic pizr^oeea^-— -- —— C*S81*^ti2. l i 

l\>ua lorutiMl ObdJOWJiienr fOr all pitr[M]»sii_ -- ^ OSS, iTSiL 

CLASSIFICATION OF INr^:^^TMH^'TS 

D^poaEced In tfj# 13, S, Ti%mxaty at 0 piywiit pisr unniwi. BAmuttoor- 

III ihe Utittva SUlfsn Eertiied £5tntme^ »er* -tl. (POO. 000. <10 

luvtvrtmuucff ottusr thnn Ffoof iHidowoKtit (coit or mnrk^E mlae 

Ett iiliitp Bcqalrril) l 

Bondi tlCf dtfTervpr iroDpi^- —> 1502^ 7 &Xh 4ft 

fitotiks <43 different iroupfl> -- Wl. 4iJ(l 01 

Real ««Latfr iud llrif-iwortJEnce SW 0O1,24 

Uninrestnd cttpItjQ -———-- fW^MO 

- Lmm4ft 


TKtM SDTeatmenw otlufr thnu Ftm" enrfowra*nT —,, - 2^701, SSaX 4ft 

thTesimenti of Freer endpwmeut: icirtfl or miirkel rnluii at dale 


i«giUr«iO % 

Honda {S5 ffroui;H)l -^ 

Stra-kn (53 different grenpil - 

Et-al eataiP fltflr-inortgap) aotca, . 
OnUimted - 


¥3,^7.441.13 
3. m 07ft. le 
t. 000. 00 
0L2aL23 

-15.851. 402-tt 


TuIaI invt»iiixL-iilfii. 


ft,ftS2,723.0il 


CASil BhAIpANCES, ItECElPTS* AXD l>Ifl BU RSOtECT S DERIKQ THE 

FISCAL XTSAH* 


bttonre oh iiaiid Jen* SO, —-- 

Bocelpta; 

Qmh income from rnrluu# tmirere for teHeml 

work of tti* ieillttlliou-— - - --- 

Cull ilfw bhiI coutfStmliooi i-^tpuaidAUlu for apo- 

ctfll ncIpnliOr tikj*cu (not for lEit«taieiit> — 
Cnisli Income fnsni tfUdowinfirita few ap^clfk fM 
oUier tkin Freer *ndowineflC And freiu mljiccl* 
iB.UL'oiii ftoercpi (Ind ii<ltni|f refuo d of tempurar^f 

adriDM^.— ---——--- 

Cnnh oiplinl from ealr. cnJl of imirttS«ii ntc, 
(for InTcstinentlr—— ---— “ 


*g&.530 Tfl 

127,400.84 

mP01S5 


Tola I rewtpti otber Ihnn Frerr nodowmenL 


|GnpOdOk4ft 


:l00i.8T430 


»Tfcili ilatfliMnt dOH iB^lyd* QdwmiBiiini apprarrU lUnt" aodfT tkt tftiiilaiatt»tlr* 
cluirKn ut th« LnttlitHllMa. 
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CASH BALANCES, BBCEIPTS. AND DISBUHSEHENTB DURING THE 
FESCAL YEAB.—Oontluueil 

H^*«iptJH-€aiiUPUQd^ 

Cnih laCDtii^ ffom <>S9.8& 

Ciili capVtAi irom aUl pf *e«iiritl», etc. {fv'T 

tar^ff pr^Ti f) - --— 


TetAl rtCOlptA fwni ciidJEniront- 


90201 mip 


TotaU 


2. 


DlrtbccrwpiQitff: 

FrcPin fpmla for cenenl wi^rk of Ose t&itltuLiori; 
Bulldlmi^—carp, repaUa, and aUfTalkiiui—. 

FmtiJiiire tmil flitncea^—.___ 

Cteaeral admin {arntdon *_- 

Ubmrr.—■ ■ ■ - - - - 

PntiUcatlutis (eomprlitiiif preparation* prill i* 
lcj£, RDd dlatfibuUcml- 


End estplomUoirB^ 


From fimdA tor ^poclflc muy otter limn Finer 
endowment* 

tbreotmeuta nmd^ Crtun from tuv- 

liify oo Incone.^—^—-—-- 

OCber expendltwea, coimtatloa inixi^j of 
ree cefct wuik, rmf*], tamtuie oihI emtt 
of vpeeliil coUedlonfli from Income 
of iwitftwmidit fuoili% nud from eaat gifts 
foe Epedtc me (Lncludlfig leinparnrT ad- 

rnncoe),-- ———-— 

BelnTeotment of cnah cnpKitl from vde, nU. 

of vecprltlca, ate —.. .. 

Coat of bJiEKlltoir Aeenrtllefi^ Toe of Iturest- 
□uBit cotuwl ftPd ftwroed Inrereat on 
bond* pnrchaaetl__—-- 

From Fteer endowtiieiit ^ 

Opera til Ljc cxpecses of Itto gn^er/t Mlnrlin^ 

field expfinHOt eic—--— 

Potchnae of art objeeta-^. _ _ i ,. ..-u 

Relnr«titiiiciiir nf mtib capital from ioleK odJ 

^ «oeu.rilUa, tir~— ^ - 

Coal of hundUng fioctirlllc*^ fee of InTCid- 
tncni r&noiel, and nccmwJ Intereat on 


93,:SM.ST 

S4.IJ5CS.20 

ai,Dia.Tu 


40,063. so 


9S4.00&23 


twRilB iTorutlaKiiL .— 
DleIi bnlanoo Jane 30+1044.— 
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2£K062.m 


304,10403 


--- 003.440.12 

_ _ _ _ ___ 7m 314 43 

—... 2. m m as 

Indticied lii tiio uliovo tisceipts was casIi ri^eived ti3 royal Lies ftxnB 
gaba of SmiLbsonian Scientific Snrres to the amount of |SI,150.SL 


TotoL 


■ TbiE iDGiudH NtTriTi of ta* itcrotEnr *iuT ovmiu otb*n. 
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i'tiiit WI1& rlU(tnbut(*il fts folluwiF: 

tE<. 

0,«4S, St 
3,8SO.0O 

aa.iBftaa 

Included in the foregoing are eipenditures for rcseardies in pure 
iidence, pubUcalinne, oxploraiionaf ^re^ increuae, and study of col¬ 
lections, etc^ u foUowet 

Igr^se ndih irei frpAi fimifs ihn Itudhitt^ill f 

PiitilltatlDiul. _ ■■ --—--—■ $31, IM3. 70 

ajifl eacptoratloii*—- -■ -—— " 0 ®-SJ 

---m 04 T -00 

t^xpmillltim tram d?toli^ Xo ptapweea* 

BtwLrelm eiplorailoiii— ^^ ww^n^— 2J^i.3rfc5. IS 

Oare, InmsMt Jinii MtiOy ot coUwtlonii.-- T, 4^ 00 

Publitiiii)iiB»-^— - - 

^ -- 44.J^U 


KfUlitiriUiCdt --— - - 

Stnllbioiilau loitUuUcKi ftipil- 

Bmlttiapulaa Iditltmlon rniresttlctcd ftmilt iwriL.. 

SiliirtL**—-- - ------ 


_____—- 88,403.84 

TJw proctic® of depositing on (imo in local trust eompanies and 
banks such reraiuee ss may be spared tanpotsray lias boon continued 
during the past year, and interest on Uiese deposits bas ansounted to 
$(157.16. 

Tbfi Infltitotion gratisfully acknowledges gifts or be<itiesta from tbo 


followings 

CumegtE? luidtutlon, tar thu *opSK>rt and Bmlntrnniirt of diatom aioittett. 
TUoiiiiia Q. DnwRtii. temrd Iba puoehJi^ &f portnUt flf Waahlttftan 

CtarrfT^ 

Edith r, a mil Ofwfpi B. l^ajtrlhnrdL t<if offlUtmeij io trahflc'sttDii pf bulM^li^ 


^ the lare GcHrrua B. EPitalhardL 

Fri«?flaa ef E>r. Albert S- HItrbcotJt* ter the Hltcheodt AciwiidcJ^MS Library. 
JoEiaA- Itijoblifig. tm-tber rMMJtli In radlalloiu 


/Ml paymenta are made by check, signed by the Scrrtjtaiy of Iho 
Instittittoii tm the Treasurer of the Onited States, and all revenues are 
deposited to the credit of tJ)o same account. In many imitances deb¬ 
its are placed in bonk for conTenicnce of collectton and later arc with* 
drawn in round amounts and deposited in the TreasuiTf* 

Tlu) foregoing report relates only to the iirivate funds of the 
Institution. 

Thu following annual approprialiona were made by Congres for 
the Government bureaus under the adminirirative charge of the Smith* 


Bonian lustitutinij for the fiscal year I&W. 


SelarlcB aad £x]iei]*i 4 , 10 * 4 --™—---—-*h tSU. tMO, 00 

Natlnea t Enohjalre) Pa riu D. C. l&M---—- 2 ^ 0 . m 00 

CeopHnUun artib Uw AnwHcas Rcjjulfllcs (tranafer te ttw Smith* 

•oaliia iBjiliutlmi), 1944 ._—-—--t7,000,00 
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A, deficiency appropriation of $67,000 was oIbo made by Congress to 
pay Federal employees for overtime woHl 
T he report of the audit of dio Smitlaoimn pritate funds is given 
below: 

SCTTucm BO* UMA, 

EXBCCTITX C^^UMTTTt^ BaiHD O# 

i>. 0^ 

fiw: FuxsfxiEDf; lo we Jiutv aniSltert t!w n?c(jaiiti of th^ amlthoopln 

Izutltndno for iho fiscal )f«r mOe<] Jujm 80, 1W4, mn6 rcrdfy Hint the baJance 
flf auh oa hnnti P««j Caah rund, June 3«K HM4^ to be 

We hara tirlfied tlie rocottl ol receipt* and diehiirsera^nfa i»aSnifllncd ih» 
butltutloe aud ths of tiift boofci baiaacxi wltb the bank beUne™. 

Wc hare cxivmlued nil lb* awvrltJet In the caitodj^ of ihii Icetltutlua aad lo 
tlio ca«todr of the t»ak» aotl foond them to ftgnw with the Iwok rtcorte. 

We hpve tompnttd tlie stated locomfl of micU BrnrlUet with the receipf# of 
reeoTil jmd fomdl tbeio la exr^mcot ih^iwlth. 

We hare eiamliied ftU Tonelten TOvetlng dl^reeioefite for lomtat of the 
tiutitotloo durtog the flm) j«ir raikd J<iae J% 1^44, tugetber witli tlie iiuthoiitT 
tberfttor. end trnrm eomimred them with ibe Inetlitttlon'B reonrd nl eipeiiditiire* 
wd foimd tbezn to agree. 

We heve exemltiCd unt Y^fled the aceoanfg of the Ineiltutlan with each tmat 
fimiL 

We fmmd the l»c»ki of eccomit atid words wen god (wcttnttely kept abd the 
•ecurftlMOaawtcatJy fDed and OHitirety tnml for 

toformetlnn rcanmted by jow emlliort wo* prompUy md coiirteuBiOy 
futuUhed^ 

We certify the Dalnnce Sheet, 1ti ottr optnloEi* toemtly preoaata the llitnjch 
cist eomlLtlob of the loBtltutioa ee e| JtibC 

Hcfpectftdly mbmlttedL 

WtUJAM la YAwm, 
Cerfl^d jlroONfftoni, 

Re^[>ectftiU7 submittetL 

Fhotkicjc; a, DeXsAKO^ 

VAjrfTKTAM 

OUiHTSfCK CASKOStt 
Easemtii^^ 
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ADVERTISEilES’T 


Tlie object of ibu GcNEBiVii Arpxxiitx to Lite AiitiuxI Report of lUu 
Snuthaonian Itistimtion is to furnish brief aewunts of scientific dis¬ 
covery in [inrticular diraotionaf reports of investigations made by 
coJIaburutors of the Institution; and luenioiirs of a gencrid character 
or on si^iol topics Uiat arc of iiiteresi or value to the numerous 
coireepoadents of the Institution. 

It lias been a prominent object of iLe Board of R^ents of the 
Smillistmian Institution from a very early date to enrieb the annual 
report required of them by law with raeiiioirB illustrating the more 
remarkable and important devcloptnenU in phyBica! and biological 
discovery, aa ’well as showing tlis general characicr of the operations 
of (lie Institution; and, during the greater part of its history, this 
parpoee ling been carried out largely by tlio publjcatlon of such papers 
as would pesaass an interest, to all attracted by scientific pr<^resa. 

Ill i860, induced in part by the dUconiinuancs of an annual euni- 
moiy of progress which for 30 years preriously had been issued by 
well known private publishing firms, the Secrelai^ had a series of 
attracts prepared by competent collaborutors, eliowing concisely tlie 
prominent features of recent scientific progriiss in astronomy, geology, 
m^corology, physics, dhmnistry, mineralogy, botany, toology, and 
anthropotcigy. This latter plan was continu^, though not altogether 
satisfactorily, down to and includiug the year 1866, 

In the report for 1S69 a return was mmle to the earlier method of 
presentingu miecoUaneouB Section of papers (some of (hem original) 
embracing a considerable range of scientific invostientlon and discus¬ 
sion. This medioti haa been continued tit the present re|Xirt fur IM'1. 
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SOLAK VjLRIATION AND WfUVTHER ^ 


By CKJJLtEa O. aiuht 


[VUH 3 

NATOHU of TIIB fJtJN 

The mu is H gusJous bodjr 800 ^ miles in dismeter o! about 880,000 
times the mSK of tho eurth. Thoi^li so hot tlist neither solids uor 
liquids in jt» the force of gravity due to its eoonnous loses com¬ 
presses the suii*fl gusoouB sobstsnce to sn avcnigB density lufurly IJ 
times thst of wstor, or iii>ar]| 1,100 times thst of air at sea letcL This 
density prevaits^ nol,witiistandiiig that the great tumyerature not ouiy 
gusiJics the cbemicsl elumeate, but stiii further subdivides tliem by ion- 
king ilicm strongly. They oro uo Jonger oomikwed of molecules, like 
gaseous ml»tanois that w.e find in the laboratory, or even complete 
atoms, for the atomic nuclei have lost some of the ions which at lower 
temperatures would surround them to make up complete atoms. The 
surface temiwraturo of the sun is of the order 6 , 000 * Contigra^, or 
10 , 800 * Fahrenheit, nearly twice sa hot as tbs arc light, ^thin the 
Mui the teuiiwraturv rapidly rises, and at the sun’s canter it is supposed 
to be many miUionB of degreesL M such enonuous tcmijoratures and 
with Its imaiouseaur/noe. tlie sun is a moneudouaiy powerful radiator, 
so powerful tliat at the oartb’^a mean distance, 03 , 000,000 miles, the 
sun’s average radiation in free apace measurra l.M calories per cm.* per 
miniiie. This raluo b callwl the solar constant of radiation. It im- 
pUea that the eaitli, which k about 8,000 miles m diameter, reemv^ 
aU the time from the aun tlie beat eqiiivahat to a quarter of a quadni- 
lion horsepower (!(?*/■* hp.J 

SOlaU BOTATlOJf 

The sun, like the eartli, routes on an aiw. llio sun’s «iak not 
eaacUy parallel to the cartb’s, but incimes toward a point hdfway be- 
between the Pole Star and Vega at U’ from the North Pole, It boa 

tw«Utk Arthur |*rtii*u fl*« •oAtr lli» uortW** «r * 0 * a»llhuwitufc laitItuUM, 
iviknuirr Sfl; i wt 
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been observed bjf ejiectroscopic cieUiods thjit the eiigular foijitiofl of 
die suii'a Borfsee la muclh faster at the Equator tban near Uie Poles. 
Adama found the foUowtng tunes of rotation as viewed froai a fijied 
star; 

S^tlnr iaiitiiiJe^_O' 30* 45* 00* 80’ 

Rauthin ptiMrnl- Ul 30,7 38,0 81. 2 85,3 

The earth revolves about (ba sun in 365H days, and approiimately in 
tbe same direction that the sun rotates on its axis. Consequently IIm 
solar rotation appears slower asTiawod from 11 w earth, wliicli adds over 
T pen^t to die sun’s apparent time of rolatioiL The effectlvo mean 
period of fsolar rotation viewed from die eartli may be taken ns 27 
days. 

i'ACDLAJO AM» SUNSrOTa 

la a telEa;u|>e^ os sliowu in plate I, die sun’s surface is seen to be 
mottled, but at some ptacee to show decidedly brighter areas culled 
foculao whicli are most prevalent in tbo tieigliborbooil of sunspote. 
Sunspots appear as darker dat,<i on die sun's surface, but tbey are 
dark only by coutmst. Langley compared tlw focwliid to white'hot 
steel in a converter, which made the molten steel look like chocolate. 
Thougli sunsjwtsappearsmall o» the enonnoub, disk of the sun, actually 
many of thiMJi are so large that dm eortb, 8,000 miles in diiimoter, 
would only oerijjiy a comer of one. Suiis|Kits are seldom wUliin 10* 
of ihc sun’s equator or more than 80* away from it. Tliey, of courw, 
i-oUte along witli the surface of the BUn at aucli ktitudes, end their 
ararngo dme of rotation is about 5J7 days, Ufi viewed from the earth. 

BOIAIt TAtllATlOK a?£D SttLAB nOTATlON 

Sunspots ore like macbiiie gueui shuoting ^octric ions into space;. 
These lonu pleniifully alrikr and aii» captured by the eartli's utmos- 
phere. With ions from otlier equrces they make up tliat high-level 
electrical reflecting surface in our atmosphere which eaueoa radio rays 
to bouncR olong the surface of the earth for thotisands of mi ! "" , In¬ 
stead of losing tbcmselvoE at once bto li mi t1"iw space. As tlm nun 
rotates cm its axis the conical coltuntis of flying iong sent out from sun¬ 
spots sweep throtigh space. Tlie columns from diuse spots which are 
nearly central on the sun’s apparent disk encounter the earth for the 
short time of 2 or 3 da}^ From certnin observations wc niida in 
March IKHi, it seems that such a column of iona, I® milliun mills long 
between the sun and the earth, by scattering the sun’s tayj eometimtt 
reduces the intensity of the sun beam nl the earUt by os much aa 5 
peroent. Ordinarily such effects am much less, seldom exceeding 1 
percent. Sut it is easy to see that the rotation of a spotted sun, by ionic 
scaitering, may produce suco^ons of small variations of the solar 
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corkstmit of radi&tiDn^ The presence of araee of faciduGi hiottDT and 
more mdianve tlun the adjaitung eolar aurface% will oIgo^ aa they 
marelt around with the sun^e rotatloti, {trodiice rarinUona of the eolar 
cnneUuil. 

THE EAUrffa XEftlTE&ATttBB 

The eardi as a planet is kept in its present approximately' eonatant 
state at the mean temperatote of 14‘' Centigrade bj the hatanoe of its 
receipt of heat from sun rajs against the outgo O'! heat caused bj the 
earth’s emt^ion to spacc^ TEiis earth emission arises in tl>e invisible 
long'wave rays which lie between the gamut of visible light and the 
gamut of rays of very great wave length, which are used In radio 
transmioeion. To hx ideas in terms of the centimeter, the ttiiit of 
length in the metric ^ent, visible light nys have wave lengtlu 
between 4 and 7 hiiiidrvd-lhousandths (D.OOOOl and O.OfKW?), earth ray* 
between 4 and 40 ten-tiious«idtlis (0,0001 and 0,0010)^ and radio rays 
b^ween 10 and 1 million (10 and 1,000,000) centuiiGters. Bui ell of 
them ore of Iho same fundamental nautre of transverse vibrations. 

Since the aarth’s mean tempernturo keeps within fairly definiie 
bounds because the ifital receipt of heat from the sun is iu approxi' 
mate equilibrium with the total escape of heal from the earth, it b 
plain that if the sun’s contribution sbontd change permanently, the 
earth’s rnmn temperature would change to a new state of equilibrium. 
However, the sun is so itnmense that uo conaitlerable general cliange 
of Uus kind is to be apprehended in tliomtanda, or even milliems, of 
years. Sfevcrthelese, in what follows U will he sltown that twnpoi'ary 
changes of tho order of 1 percent do frequently occur in the aun*« 
output, and that those affect weather iwally ao much that iMitar changes 
must be rated as major meteorological fsctois. 

RMSTRSDNIAK »OJ,AB-OaJfStAMT WORK 

For many year* the Smithsonian Institution has maintained ob- 
aervatories for mea*uring the ititeneity of solar rays. Our best sta* 
tion is Motitrmtina, in the Atacama Deaert of northern Chile. It 
ia located on a motmtain feet high, where years frequently go 
hy without a drop of rain. Tlio observers roust he supplied from the 
city of Calaroa, 13 miles awsy, with water, as well as ail other ne^ 
ce^tiM. The sun shinos froro an unclouded sky on nearly 80 pcrocni 
of all days. As it it very trying to the nervous ayetem to live in such 
isolation’imdw constantly cloudless «kiM, it is neccsaiy to rdtave the 
observers at intervals of 3 nr 8 years. Indeed, great loyalty to th* 
objects of the work, excellent ability oa ohservet*, much tact in dealing 
witli the people of tJie vicinity, and oonwientious honesty and industry 
ara obaoluta nquireroents of the observacs for the successful operation 
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of the station. We have been fortunste tlmt these ([uniities have so 
seldom boon Ucking in our reprosonUtiveg therv. 

Solar nidintion, h/ be tog absorbed on block surfaces, is converte<t 
into heat. Its intensity is mcaaiired by its heating effect. The oh- 
servatori^ for mcsstiring the solar const ntit of radiation have no 
teleeoojMSS. To insure auistant temperature sumnmdinga, highly fa¬ 



vorable to exaet meosamnentB, they consist of hoiizontal mntmlB 
about 10 fest wide and T feet high driven into tlM mountain some 40 
fc«t We located the tunnels on a south slope In tho N’OTthem Hem!- 
splmrs, and on a north slope in tlis Southem Hemisphere. Withiu the 
tunnel is installed a large prismatic spectroscope, whereby the snn ray 
reffeeted into the tunnel fay the codoeut outside (eliown In pL 
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la cast into an. intense apectrunii wMch comss to focus on the bO' 
lomcter. The lujlometcr, onginaUj invuntcd about lB8b by Dr, Samuel 
P, Lmigluy, is an clvcirlcal ihmnumcter so seusitive that a change of 
n milliuutb of a degree iit temperaCurK can be registered A clockivork 
causea the solar apecLrum to drift elo'irly ecrosB the Utte bairlike n- 
ceiver of t]ie bolometer, and at tlie enme time causes a iibotogm|ibic 
plate to drop slowly psKt Uie tjiiy spot of Tight reftmted fttun tJ)e 
mirror of the magneitc-noedte system of the seneitiva g&lvaitometer 
connect ihI to tlie bolometer. Thus L* pi-oducefl in less than 10 minutes 
a bolograpb, or curve allowing tlie dist.ribiit iuti of energy of radiation in 
the spectrum of the sun from fur up in the uHruviulet to far down 
In tho infmxod. Several such energy curves are talcen with appro* 
priato intervals during u morning as the sun rises htghiir luid bigbor, 
A group of rKeni is shown in Gguio L Simultaneously with eacli boJo* 
graph the total hearing eflcct of tho rays is measured outside tiio 
tunnel with an instnimoiit coll^ tlie pyrholiometor (heat*of-Uie‘Suti- 
meter), Alwn the altitude of the sun il»ve the borhsim ta taken aitnul* 
tancously with the theodolite to indicato the slant thickiiese of the 
atuiosphero. Prom this combination of nbservnrious it is po^ibb 
to coujputa the intensity of tho soiar radiation as it ie outaide ocir 
atmosphere in free space at mean solar distance. This is tlie solar 
constant of radiation. 

DAlLt VABiATlONS OF THE SOIAR OtlNSTAXT 

For ycaiu the Smithsonian Institution has been collecting dally 
itieaaurements of the eotar constant, when practicable, with a view to 
determining the march of i lie variations uf the sun's output of radia¬ 
tion. Tlieae lliictuatimw are small in percentage rarely caOMiding 1 
percent. Figure 3 gives the EttU snuiller Tariations of the monthly 
mean solar-comstont values, 1920-1939. It therefore totiuires vEiy 
great accuracy of obwtrving to disclose ond evaluate ibem, hampered 
as we are hv the supertneumbeuL highly variable atmosphere. Wo ate 
ai a dismlvantiigo compivroil to astronomers who measure variable 
slats, lor llicy can comimie tho star investigated witli other similar 
stars nearby, uH of w*hi^ nuffcr equal percentage lossea of light from 
aimospheric hindrances. Thu sun ta unique and can be coiopanid 
Kitli nothing near it in tho sky. Oiu* ean only tompara an aheolute 
solar meaaureniQiit of today agninat sn abBolute solar me^rement of 
tomurrow, trusting altogelher to the nccurate detonniniition of atm os* 
liUuric tranamiasion tin each day to make tho measiirciiicnis comparable. 

TJie Institution maintains three wdar-constant obsorvotories, two 
in the Northern and one in the Southern Heniisphere, all on high moun¬ 
tains in desert lands, Th« following labte and oiiminary sliowa how 
wall the soltr-conEttinL daily meftHuniineats at great dlatancos apart. 
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2,—Marcti pf m-c^ritli}/ vaLiieB or icoliLr convcmt of r4dliiUi;£Q, li^^ to 183D. 
A. obi^rwl; B, Qi i4 r^Ipr pcrlMIdtlWt nil 

parlB «il iDoiilhK 


nnd in opp^sita beiiii$pber« 4 , agree In the i-year Jnterva! fruni Jan¬ 
uary Wi\i to December J 03 d. All (kys sunultaneouely ot»erved, geod 
and bed aiilca, are Imduded. 

Theae results wo arrangud in groups in order of tbeir divergence^ as 
shown in the table. Thu unit b l/t/MO cslcuJe. Moot o( the valuea 
ooneem Munteatutna and Table Mountain, bat tliete are a great many 
in whldi Mount St. Katherine dgoros with one of the other stations. 
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The weighted divergence between etetions being 0.0076 ciioiie, 
Iho weighted average departure of one station from tlte mean solar 
constant derived from two stations is 0.0033 calorie. 

Although It Is not fair to hfoniezuma to supposo that the etations 
are of equal merit, jot If we make that aesumption, anti proceed as 
tmnal, we find Uie wriglitod mean frorcentage proboble accidonml error 
of a singlr daj uf obsarvntlon of the solar constant nt one sta^on 
to bo: 

100 X 0.0088 X 0.84TT ] i)4 ^0.164, or ^ of 1 percent. 

In volttino 0 of the Annals of the Astrophjsical Oliaurvatorj of the 
Smithsonian Institution are contained In table 24 nearly 19,000' meas.* 
urements of tlie solar constant ol>scrvQd throngh the tcrts 19*24 to 1030. 
Several lliouBstiil earlier oliaerrations of lIia years IDSO to 1D28 arc con¬ 
tained in olhor pubUcattona. Figure 3 b a facaitnUc of a part of page 
133 of the Annals, which includai the work of September 1934. The 
several observing stud ems are distinguished by letters M, K, T, meaning 
Montsiimn, St. Hntherine, and Table Mmmtain. The sulnr^constant 
values in coloums “S, C,” arid “Pfd, S, C,” are to be imderstood as pre¬ 
fixed with 1,9. Thus for “60^ read ‘*1.950,^ Using the result of llonte- 
amna and St. Katlici'ine only, which are more uccnmte than tboee of 
Table Mountain, there was apparently an mcreaae in the column “Pfd, 
S. from the htt to the 9tii and from the lOtli to the 14th of Sep¬ 
tember, tind a decreuse from the 14th to the 19th. These changes had 
an ampliludo of tho order of OA to 0,9 percent, that is about 0.010 to 
0,018 calorie in the solar constant of radiation. 

eVQDStjf'tJS or Eli 81 NO and of rALUKO SOLAR ACmriT 

1 give in table 2 a summary of nearly WO of the fjost supported in¬ 
stances of rise and of fall in the aolar coiistAnt of radiuiion detected 
from table £4 of volume 6 of (he AnnaK The table la arranged by 
iHontlifl iind will readily be iindcrstcaxl by an example. Tiius, “Janu¬ 
ary, Rising, 24,12'^ meami thiiti u case of the solar constant rising for 
a few days appeared to occur begirmiug Jamtary 12,1024. 

, It is of interest and importance to noto tlmt the solar variation 
Increases in percentage toward shorter wave lengths, It is sis times 
Bs great at 8900 A. in the ullraviulot its in the total solar constant, 

EKFTCOT OF f)RQU£NCIiS OF SOtJLB rttAKaR ON TKItflERTHIAL 

THatFERATUmSR 

Using this tabulation of tlio dotes whereon i^equoncee of rtso and of 
foil of rho solar constant apparently began. I hare sought to detatmine 
whether such plienomcna were assocLulad with special belmrior uf the 
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lieporturea from normai temperitura uid bomml barometric prtssuro 
at numoroua cideft. For tliis purpose 1 tabulated tbs dspanureo^ let 
UB ftty of temperature, to iliustrate, for B dayn before, and for 14 daye 
after, each data included in table SL Fi{;ure 4 to a facetmile of eueli a 
tabu lotion of temperature departures covering tlie months of 
January, February, and Jlorch for Washington, B. C. Two cun*es 
of temperature departures ore shown for each mcniUj. One corre¬ 
sponds to the average itiflueuco of sequences of rising solar activ¬ 
ity, the utlier to the average influence of sequences of falling solar 
activity over tlia years 1924 to It is to underidood that these 

curves sitow temperatures only, not solar eunstanto. One knows only 
that on the zeroth day of each line of the table a to 4-day seqiteoro 
of solar chonges began. The upper curves of the figure show the 
average morcii of temperature depanurea at Wosliington in the months 
of J'onuaiyfFebnuity, and March, each asaociatedwith 19 or more coses 
of rising solar aequences, and the lower curves show the average match 
of temperature departures at Waahuigton in January, February, and 
March, each asoctaled with from 16 to 21 cases of falUng solar 
sequences, 

TAstx 2;—italM icAch isTmencie* tU* aM fail 9f tA« MV'i emU*io» vf ndtatioH 

begM 
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Tabu 2^—0at«« lcAM«e^qrKcuR 0 « of rU^and fall of the tjui'i mfJtina of rodtalho^ 

5^ n^^CGzttim^ 
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130 AKNTJAl* HEPOHT SMITHSOKlAN IWSTmTTIOK, 104 4 

OONXEOLOK TSilPESATfaES BY SOIj.411 SEQUENCES OE VARIATWK 

With this tneihoil of LDvesrti^Uoii tleurly sot forth, I now give 
ij] Bgiiros S to T reoiilta for tomiwratui^ for lUi months of tho joor at 
Wiiiihmgton, AlbABy, and Melons, nmi point out soTenl thurir(eristics 
of thtise cuTvea. 

1. At every etntion, and in emry month, the tempiirahires deport In 
opposite directions, attending, respectirely, rising and falling solar 
activity. Thus comes about, an axial spnmetry of the pairs of curves 
sudi, for Instimee, ns eubsieta with tme's right baud and one's left. 

2. The mardi of Lite curves diJ^ers from month to nionth, and dilFers 
for the same montli from stution to station, yet the right and left 
symmetry olimys prerBilB. 

3. Tho eSecls are large, Differenens of temperaturo of the order 
of 10 d^p^oe8 Fahrenheit, or more, depend on whether a rising ur a 
fallijig6«r[UvJiceuf solar activity jirecoded I hem many days before. 

4. Tlie cllocts tff solar changtis on Icmpcrature persist for many 
days. Tltuy may surely be tmeed from 8 days before to 14 days after 
Uie xerotli day of the solar reqiienee. 

b. The coefficient of correlation of three curves for tim three stations 
and the 12 months of the year, and from B days before fo 14 days 
after the sol or change, is foun^t to be r= — G1.2± Lt percent. 

fl, Since far-separated cities respond in a simiSox manner to the com¬ 
mon svatem of dates given la table S, this system of dates must havo 
a cosmic significance, Tlie system of dates, in oLlier words, betrays 
an eatn-terreatrial selection, iiannonious to the claim tliat on these 
dates changes in radiation occurred in the sun. 

SDFPOSTlKtJ SmUKNCES OF fiOLAB WE-iTEKB CONTEOL 

Doubters, however, may argue to the contrary os follows: 

The changes claimed in solar rndiation, they may say, are ao smaU 
in percentage that it is improbable tliut ohaervation, however accurate, 
rnn distiiigimh them from accidental errors, and from the influences of 
atnioEphcnc sonroee of error. May it not more probably be that the 
aeritt of dates was eelactod by chancet Tliey were, indeed, dates <hi 
which, in the average, large variations of temperature followed over 
periods of IT days, but this was merely accidental. It would lhan 
natnrrdJy occur that sequences of dates closely following those at- 
Lributed to rising solar radiation would show opjioiiite temperature 
tendencies, since whatever goea up must Como down, That ftir-sep¬ 
arated cities would react to the same systems of dates, though not idanti- 
callj, ia not surprising. For, oa is wall known, weather travels In 
waves from west toward east, so that a disturbance arrived at Wash¬ 
ington would have passed by stations to llie west some days earlier. 
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tTbiuw h.>—AxmieA buiivImm iatupCfftHu* «li?tiitPtTiTM, rthrvQltEit, 6t ttuhlns- 

(gn. D. iwaBJiMni^-Ui* tonujowt of variation of tbu wwtanc. JmitiflT? 
to D«G«udH:r. 
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rmms €---Areric« murdict cf tetnpunti^ni Fiilir«iih«lt, iiC Allitbr, 

Y,i acccdnpunjLiii fl^oeciLCti of fmriaUim «f tlu^ iOlor c«flitaulp JdziiiM7 ^ 
I>ocembcr. 
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134 AJflfCAL HEPOBT BUITHBOh'lAJT rK6TlTDnO«, 1*4-1 

TUese pimsible argtimentA may hti oonfuted, but it la doubtful if ro 
compleca a propteition could be made aUo^Uier clear to the lay reader. 
Tbe siuipler course is u> show that these same maichea of teinporatuie, 
at these same dtios, are assocEated with another comtnon aystem of dates 
tt 3 another series of years, which ^stem of dates haa an undoubted solar 
connectioiu. This I shall now show* 

THK aPECTKOHEtJOOnAni AT THE 01)00117ATOItlO DBtj KBItO 

Tlic eniincnt euttronomer, Ur, Oeorgo E. Hale, In his youth inTeat&d 
the boauI ifol iiistrUTnont whiidi lie Dnmod the E|X}cti'nhe1 iograph. This 
derlre photo^nphs lha clouds of 76|)ors of UidlriduaJ duuaical ulo- 
iDeuhtt Bucli ashydrt^n, helium, iron, or calcium which dnnl above thi> 
Hun^B hurface, Hales Npcctrohdiograph found Instant favor all over 
the world, and muiy obserTHtoiiee were ffjuipped with it. Amniig 
thorn la the Obeervatorio del Ebro in northern 3[Ain, which Is main- 
tained by the Jesuits. Every nvailahte day from tOlO to 193T die 
mo nks at E1iru photo^Aphed (he catcium clouds on the solar Earface 
with thfiir siiectrolioliograph. And not only did they obsm've, but they 
measured tbo areas of tlieso douds as well as thair taaan distances from 
the center of the sun's disk, and tlii^ publEshed all the mcasttnss. 

CEIASACTEB PlOUltES CP TilE fiOLAR-fTiOCOUHjH ACTI7ITT 

^Vlth the help of my asaiiitants, Mra, Bond and Miss Sintpson, I Tin ve 
usflfl these Spanish mcoaurBniBnta of every day of observaeitin from 
1910 to 19ST to computo character Sgurt’s. These represent the »}1ar 
activity of a given day be tnensuml by thfi summation, according tocer- 
Eflin weigiila, of I lie areM of the calcium clouda, or **9o«uli,’* photo- 
gmplied that day on the sun^ di-sk, Ttiese character figures having 
been aioaimbled by moutlia in 12 groups, it was seen at onoo that they 
Ehowed sHpionccanf I'iae arid of hill, for intervals of a few days each, 
just as tlic (,olnr-conBtant values do. 

Going over the tnbli!S with oare, f selected dates in each of the 13 
months in the y<i}Brs from 1910 to 1937 when tlie best exam plea of st- 
({ucncte of riao and sequences of fall occtirrc^l. The period of 28 
yeara i« ao long that Lheits wxis no diSsulty in finding enough excellent 
aeqiiences without including doubtful cases. 1 IhuB tahulntod tho 
eerolh datna of tlio rbung utid the falling sM]uencea of floccutita char- 
Bctor figures for each of (he lE montlis covering the years 1910 to 1937. 
Then the Wasliingtoii temperature departures from Ji dnya licforo to 
14 days after each xeroth date were tnbulatod in the aiLme- way a« for 
Bolsr-constant correlation. 
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C0NflB&lAl7(XN OF* sOLAB^XJNSTANT BENDLTB BX WOBK AT urnrtn 

MiNin values vttro tnkoii. and often in Uieso labuiuiiuns more tluu ^ 
enoce entered in eadi luean. I allow in figure 6 e eompiitstion and 



n*niMa—'iVmtiiTolurf Ufjwrteiw, imiiWJilwir. at iVjwtilPotoB, D, a. in Oel»t«T, 
AGv(»ni!aiv<iH: P.tjricfi«« ('f Mil vt tDit of ttii! cLoni^tar Scuns of lolar 

cnlpliim. prtrt^ titji hti jintitfi j ilij.. 


gtupliical reprcsectCfttlon of the resulte lit Wiflluiigton for the mondi 
of Octolwr. Finally I show in 9 the rimrch of tem[n3rnUire de- 

atits^o—»»-—la 
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FkitmU,—AT ffnijje to&ipprariirt deportiiri'p FaTirefithrlt, nt WABfilnntnn, 

D. C., AcroiDpiiti|-ln« ntb^Atitn. of toUif ehmi^ {^} of th<- toliir coftttnbC tp 
jH-nni 11124 to la^; o| cbarnct^ {Kfrorra for eiMiim Ckwilll In 
1010 to IflflT* for uionthu JAtiyjtrf to D^icmt^bor. Ordlfiiiii» mre iBmpmtiirv 
AbK-Sme Hro {iMjn from of ■oliKOiif Liibt Aeqaetico. 

FloccaU OfM ciir?i*i umr Oliq^tpcod 2 4m^ to right. 
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parturea Rt Wnihitigtoii fvr t)ii; 12 aiuniliB, as associated both irith 
solaf'Constatil seqiuifiiciis and irtth SoccuJus ciuiraclet'ftgiire sequences. 

It is At once nppainnt thuL similar curves of tomporaiuro resulted, 
but that the curves based on tlocculue cl is meter figures show S days' 
lag in phase compared to the curv'es based un seJar conaUnta. The two 
Muds of solar dbangCr in olher wordit, are out ezootly aiioultoneoua. 
The reader will see in die diagram tbat fur conipariaoti purposes the 
fluecvlus temperature curses are all moved to the right 2 dajm with 
respect to die aolnr'coustant-tcmpcmtitre curves. This phnoe thf- 
ference allowed for, the correlation coefficient between solar-constani 
and docciilua tempemiure curves for Washington is r=ti&.7±1.0 per< 
cent. It will bo noted tliat the two S 3 'atenis of dates used fur tlie two 
ileterminations have aUnoet noth)tig in cuninion. They are spread 
over two difetenl senes of years, one interval IdiO to 1937, the other 
1924 to 1939. Owing to dtffercncitf in days lost for cloudiniss in Spain 
and northern Chile, only a few of the dates h) the two intervals are 
adjacent, lii short, in method, in the years observed, and in detail, 
tlie (WO detcrmiiiations have only Uua in common: both purport to 
show the inHuencB of clumgas of solar activity on Wasidrigton tem¬ 
perature. One of liie niettiods u!»s pliologmphic phenomtma univer¬ 
sally admitted to be tiolur. Since the re^iulla of the two modiods are 
well-nigh tdenlicat, bow critics longer reasonably deny (hat in the 
basis of the other methud (the aolar-constant variation) is also 
a truly veridical aolnr plienomeiioaf 

i therefore riaim for the Smithnotiiau Institution the discovery and 
meosunanicni of variatiuns of the solar constant of radiniton, and the 
proof that tliisw solar variations are major favtois jji the control of 
terrestrial tempemturea. 

SUIiAB SEQUENOBS AND HAEOVETElr FEEaSUUS 

We ha VO investigated niso the dependence of barometric pressure 
on the solar variAtions tabuiated in table 2. J w i U not ent er extonsi vely 
into this broncli of tho subject, nor show further examples of the tern- 
pcraiuh] effects, because 1 have mudi else to present ia tiiis lecture. 1 
will ouly* draw attention to the uuirdi of barometric pressure at Denver 
and Kbro (figs. 10,11) for tho 12 inanilis,aa Assoriated with rUaug and 
falling sequences of solar-corisiaut diangea. It will be scan that tho 
curvee, while not so consistetil as tJia temperature curves, already 
ahown, still generally display tlmt right-and-left symmetry which has 
been referred to in temperature. 

1*0851 miJTtES OF n^AlLED IVOh'Q nANtiE rOIUSa\5TLS0 

1 now turn to the question whether these solar variations, since indi¬ 
vidually they apparently prodtico major changes of weather for inter- 



Ftom lii. Fftnnai IL 


floupm la Jtm ll—Btnuiwrrlr iktMiitm iohIiiIcnI wJUi iwqw!nc«i of tol&r* 
OcmiHifiL TiirtiitaB for 12 tuoaUi#, jRQUiTT to December, rI tl^trr, Onla, (Ilf. 
10) tiiii!l Obierviilorr of ISliro^ SfHAtii (Qf 11), FqU wrfm^ aaitmM} 

dutt^ curves. tnlUug BeqnciKjea, 

























































SOLAR VABIATION AKD WEATUSit—ABOOT 130 

v«Lj of nsairly 80 tijij*, ujiiy giv« ho|»« tkat a melhoil of foracaatirig for 
inaity rlay?^ in ail vani.-« tuny l)e«vo1fi^ therefrom. I have, indcod, mode 
a prduiuiuuy teet of tliLis peesiblUtj. 

(t trill be npparent that after cuiitjiuting ha»ecurves of the tempera* 
ture effects of solar vtiHation for a gireu station, it may ba jisstiniod that 
trhen a setiiionce of rise of ths solar constant ia dfiscried in the daily 
obBerratious, one may write down in a column for some 2 weeks tlisre- 
aftertltedoparttircs In leuiperature expected to follow tlits s«[uenca of 
rising solar acrivity. As other sequences weur, some riabg, some 
falling, other parallel columne of expected tempemture departures are 
written down on the proper dates, appropriate to each. 



Fumas t^t^Fereout sjehI terl£entl>D» i>t tvaabliiatoii temjwratore Arpartniw. 


By the EUtnmatloii of all of those coltimns day by day, one finds an 
1‘Xptv^on of llm total infiusneo of solar variation. This suxamation 
may go on continuously, always for as much as 10 days, in advance of 
the calctidar. Figure 12 gives such a gunuuatton for September and 
October jeSfl, prepared from sotar-conatanl basic corves for Wash' 
ingtoii and £hrc dates. 

Unfortunately the solnr-coiistant daily values of first-class quality 
Are too acaUettd as yet. with only our two first-class stations observing. 
HuwBVBr, I have found several montha in the ioog record of calcium* 
floceult tneasttremeuts kept it ^iro when the breaks were so tare 
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that ft fair of ifae dates of ehanges in solar ttetirity oould 

madf^. Willi ftllowaoc^ made for the difference of S days in phase, tbe 
basic cnrres nsed were tliosis derived for Washingtcm tcmtierotnrcs 
Crom fiolar-conatant vrork. The genemt roeiilL was as summariwi 
below i 


Tots I tjredktod-^,— . .—^ 

Olwerreij and pfedliCkd. mme itsttn-—-- 

OlM^rtca and priwRcled, oppe^tte aE|;n- 

Ohuerv^d de^iartcires; Pita 65^ sslmm ISfl. 
PnHilctiitl duparturva ■ Ftn* (M. sninna lijr. 


DUTii^nincca: 0“ to S',---- 

a* to 4^_.- 
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Gcacral ftolO*---- 

ipefln^ ---- 

B-J5. Orrrlfl*-.™- 


0<ip« 

. 301 
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trr# 
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S2,T 



J1.3 

0-* (».B% 




_33 

inA 


ao 


e\ ao.3% 


■to 



Cermiattcp coeinckf!iit=5SkO±3,3 percent 


This prcUmmaiy test, vliich is s forecBst based an snUr data alone, 
j^TeesomegToiiiid forhofpo thatieith mote nocurate Siitl continuous ob- 
wri'otion of flofar-conatant values, ’when these ate obtained every 
lun^lc day^such si>lar foreensts, supplemented and corrected by the es* 
ten^ve knowledge of lerrestrisJ inOuences now available to meteorolo* 
gists, may in that combination greatly proniute longer-range vrifnther 
forecasting. Sine© solar ebanges are n major weaiher factor it la 
diflienit to see how long-range wentlier forecasta can be made if they 
are neglected as always heretofore. 


TBM ST-DAT PERIOH IN TVASiUNOlON PSKlIFPrATION 

I now present a curious result of investigation of the siinspot rota* 
doin period of 57 days in eonnoclion with the piedpitation at Wash¬ 
ington, In the year 11142 I collected rakes of the daily precipitation 
at Washington from 1&24 to 1941. These values I arnmgoJ in eyclw 
rtf 27 days. Since 2T stich cycles fill 2 complete years, lacking I or 
2 days depending on leap year, it was convenient to tabulate die values 
in nine 2-year tables, and take the mean values for esrh of them, 

I was immediately struck by tbe cinmmstance that for the mean of 
©very S-year tabulation, die llth day of the cycle in tho earlier years 
and the 12th day of the eycte in the Inter yeans was from 2 to !l times 
as rich In precipitat ion as the mh and 7th day. The cycle, whoee true 
period seems to be S7.0074 days, was always taken in the phase as of 
January t-S7, 1924, On taking tlw general mean of 243 cycles, the 
characteristic of high values about the iBth day was very marked, hut 
other parts of (ha cydo also ware conspicuous as high or ss low in 






















BOItAit VAfilATIOh' AHa WtATBJEK—ABUOT 


141 


(itEcipitjitit>&. I tilth cliTided tiie datii into three soctious represeate- 
tire of dry yeai«, £4 cycles; mtmncdjste, 108 cycles; wet yeaw, &1 
cycles. Tlie results sre giTen in figure 18. 

A VBBIFIO) FUKDtenON ONE THaR tN ADVANCE 

In March lO'jS I tnformcil die Chief of Iho Wentber bureau duit im 
s certain list of dates Lho average daily pj‘ecipit«tioii would (w higlier 
than on tlie n'lnahiing dates of tlis year. I recently tahiiUted die re* 
suits: Using curve 3, applicitble to years of intensediato iitcclpttntion^ 
the selected dales of 1013 a-ere cipe*tcd to ehow 166 luiieethc uvei agi? 



ISv—27,0074-1114^ fHiFtoil Id WiahhiEtoii p4¥C' l||l tut tail;. €iht« I, 
2ili ^cliap: purri* ary jeitm. 54 cxcJw; lOS 

CJim 4^ wcl SI 


rainfall of the nonselGCted dates, Tlie actnal ratio, for the ITS eoSected 
dates coiiiiMrec] to ILU nunaelccted (the work included December 31, 
1642) teas Tlid ST-day cycle has continued so cotudstently for 

20 yeani at Wanbihgton that erne la inclinetl to tliink it may be trusted 
to hold for snsie years to entno. 

JlONTDIfT lltE.VS SOI^tn t30NSTAi!tE 

tVe will now conaider montlily mean values of the sohir constant 
of radiation, the variatjuna they djactose, the penodicities found 

* I might 444 iJmi lAi ^ ^ to luuAtr 1944 f&u LiU aJiliXE 
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Uiercin, uul Ute dletets of LbeeB long-tonn solar varisUoiis on weather. 
Figure 2 g^ivea the monihly nniim euiar'CaiiBULat vuluus froixi 1@S0 to 
19C19. Tlie curve shows iluciuutlous which appear to be wholly irregu* 
luT. If one Oslo, are tlieae Uuoluations really true duingea in eolar 
radiationi their very uiaguitudeti give a strong presumption tliat tliey 
nre so. For in the comparisan of daily valuea given above it was shown 
that tlio probable error of the rcsolt of a single tlay of observatiou 
from one station is but ^ of 1 percent. A montlily nitenn includes from 
80 to 80 such values. Hence, recalling that the probable error of a 
mean hi tlte probable error of the individual value divided by dia 
square root of the iiiuiiber of values eniariiig into the mean^ wo see 
tlutt tho probable error of n moritlUy mean value ia from a thlrtietii 
to a fiftieth of 1 petvaut. Yet the Quctuations in (Igni'e 2 ningo up to 
more than 1 percent. Hence probably tnany of them are veridical. 

PKKiODICmBS IN BUL,tK VAAIATIOS 

Although seemingly irreguJur, the march of sobr vnriatiou shown 
in curve A, figurv % like the characterisdc voice of the violin or of 
the trumpet, comp rises a long wavi- with many aimulbuieously HCtive 
shorter waved rvlited to it by simple ratios, Howsvar in the solar 
variation tlie aimplo reladoiishlps appeur to lie unty approximate, 
not quite exact, to the master cycle of 22**14 years, or 2T8 months. 
NoverthoLess it is very interesting that this master period, so nearly 
a least common multiple of 13 shorter ones, is apprommately double 
the well*kiiown aunspot cycle of 11^ years, and thus equal to Hale^ 
fieriod of mafinctlc changee in eiuia|»ta. Stmngdy cnougli, though, 
the sunspot cycle does not appear among the 13 sttbmuUiplee of the 
solar-cousiant master period, for no evidence of this llt^-yeor period 
can be found in the variation of the solar constant.**' 

Here are tlio observed periods, and their approximate reiatimiahip 
to 273 months: 


1 

^4 

H 



H 

% 

373 

31 

03 


iS<*, 


»4 

% 

Hr 

Hi 



Hf 


30^ 

86U 

31 

n.flT 

ll-J» 

ai*nt 

$.13 


Curve B of figure 2 is made up by adding tf^Lhcr the sepomte 
infiuenccs of these H periodicities as they were determined from 
curve A by numerical analysis. The fit of the observed cun'o by 
the ^nlhetic one is so good that in figure 14 of the Annals, puh* 
liahed several years ago, the curve B was carried on as a prophecy 
of solar variation to die end of 1043. Four y<mn of oh^irvaiiiui 
have become available from Montexuma atation, thmtgh only in a 
provisional, not tlic final, reduction. Figure H shows a comparison 
between the ptupliesicd and uctuolly obserred snhir variation. Kot 


*>aM, feovpnrr. I. n A)ltric)^ )n*c> Cbtln to), im. Nti. iiitr v. 1S4S. 
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only in general^ but in many lioUils, Qwra U math similnnty. We 
await with veij great interest the onicial tsst to coma in the bittar 
part of IHI anti IWfi. If tiie pi^opliccy is then vepiTifid* we may 
expect^ as 1 pointed out occrttted about lft2^33,* tmustu! weather 
conditions in 

urrarr or lonocb solah T.\niATio.N.s os wbathee 

Among the shorter periods found in solar rariatioTii os indicated 
by Smithsonian solar^constojit measures, are [>eri<K!s of approxi* 
mately 8, l>*4, and ll*/4 months. I hare uougtit to detemdufi how 
tlicse and tJm longer jwriods of solar venation nlTect temporatore 
and precipitation in many cities. To fix Ideas 1 give a tabulation 
(tobies d and 4) for S, and 11^ months at Copenhagen lo show 
how these influences are examined.* 

ThASu U^prr^iurt tmoolM. Ttrt ^ -S^JiwnfA period 
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43 

a 

16 

- 4 

IS 

1844 to 1884.... . . 

-n 

4 

-IT 

^ 1 

- 8 

-11 

—33 

-30 

1806 to 1880.... ... 

1ST 

116 

41 

$S 

-27 

4 

33 

24 

I88$totmS _ . 

133 

38 

26 

1 

- * 

17 

-26 

-04 

1010 to 1030.... 

74 

108 

123 

90 

5i 

-60 

48 

-10 


TbfMiuEffiiiro «3M«nC0iAtilEt II ii«ralli| IlM btlnjimiRI ^ mofilihi ilfbl fn UD nm. 
fiKiilwi*sbifulAt MOM BWitrpr^ wnviida l»^pwlM 

ildlicbimTv Br lb*|55^**|* ^ mnuth. 

FmtlwlTlfekkditf 1o At oA l)m «irr«rtM 


‘ rne. Jkr*.A. ttd. 1, Nn.«, JaM I9SS, 

Mn mm pghUcpIiBB i efr* Qalj ihi tp^iAktloa tor »-Tnnqtb UDd ll» 

CfliWUuM Id A!4 MoAltu iaf Othfin «itrt lifaoVh it iJm liyrtafv. 
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4.^HC^dfjwRAaflf» frap^raiiw ^^jKtrlurH, Tfji qf pcri^f 

TTaUiMif4M MUhaJyiHUiit^fltia. i7ut: ];/lJ»i&«M0«t&n4d»uy 



^^UTHEtEw^^c«l□bv 

1798 to *833_ _ _ 


24 

21 

7 

84 

tl 

IS 

-6 

1133 to laos 

—153 

—35 

—48 

^4 

—10 

— 76 

— 41 

-ea 

ts$8 to loas. 

20 

85 

as 

IDS 

S3 

77 

-23 

-3 

1903 to 1937 .. 

-102 

20 

30 

44 

29 

-4 

—o 

-20 

nas W 1937..._ 

-70 

22 

22 

05 

41 

3 

-16 

-20 


nwiam 

Not. and Dec....... 

-79 

22 

29 

65 

41 

3 

-15 

-29 

J«i. and Feb. ^^ 

4 

-3 

-33 

34 

59 

-1 

-7 

-a 

Mu*, ami Apr-.-. ^. 

-20 

-2D 

-64 

-19 

-ca 

-39 

-29 

15 

May and Juc»— __ 

-1 

45 

44 

4 

-13 

24 

33 

4b 

July Md , 

29 

38 

-24 

-1 

-12 

10 

8 

-31 

Sept, and 

24 

32 

52 

6 

5 

IB 

40 

1 42 


•mi ll!4ff H Im &I^TPWt¥ 
milull -mUHifi Uir ihawii 


Akuf Kl il|fflfU£i 


i tiw )vi ^ iSJffpteWEt 4 f 


ijlipligsGiEiDi la Lbft viM» est fnnJF ' 

r iliRbWiAfEt 4f bCiHM ^Uh Mvca Ii9-Ukt 


r soon found that wMii^ there seomed to he mme tendency to porio- 
dioitiee Ip weather cemssponding to tbe &olaf diimgiffif these weather 
{wriodJciticfi, unlike tlieir solef counterpirt^ fluctuetod in phase* It 
uecureed to nie^ howoirer|, tliftt this inability of phase is but a natural 
stsfisopul effect for the periods of shorter dumLiem like 8^ or 11^ 
uiQuibs* For the pliase of terrestrial response to a sol&r cause must 
evidetitly depend on local terrestrial clreumstoiLces, Fur instance! 
til ere will be a iongur Ug with stntlcms ufuier ooeftwic coiiirel than for 
those in doudleg^ deserts Ihirsning thlB thought it occurred to me 
that Uie pbflSUf for e^ainplBt of an B-month period of response to Bolar 
diftnge in weather utust be different if the solar cause occurs in 
sumoiur than if it occure in winlern I investigateii this idea for sCTerel 
periods and tnany stations^ Figure 15 allows that my surmisa was 
a correct one. 

Hence lej'restrial naponsoi to solar penods of moderate leaxglhs 
should he oxpretod to be in the same phases only when the sojar canses 
occur it the same time of the year* if a aohir period of exactly 8 
moutJia existedi we must compart its tcimatrial uffocta 2 years aparL^ 
for then their solar causes would occur exactly it tb« same seasuna of 
the year 

I irlD not dishky to show ftMcl ly how wa make uso of the calenriar to 
eliminate stfosonal phono changes! but will Cfintent myiolf wUh shi^w* 
ing for three fjtatconsp Copitnlmgeni Vienna, and Sow ^ven (see tables 
8 and 4), that when this complication is prej^rly allowi-d forp and wlnm 
the exact length of the jsolar period is detemnnedj the terrefitrial re- 
sponae is proved to be exactly in pbase from the year iTflO to the pi'eiamL 
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time. Figure 16 shows how uccesmiy it is in such » long Usim 
of years to ecicct die exact period, tlsing 8 mntiUts there is bttt stnail 
Amplitude, eren when seAsonal inlluctices ere cJiiniiiAUd, but with 



8V^ months aII direo stations show a strong periodietty, with unpU- 
Ludes of 1*.3 C.i 1*1 C, and 1“4 F,, respect!f-etjt over nearly t cen¬ 
tury and a h*if. In this way we have been able, by using tempera- 
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turo nwortls at terrestriftt atattonv, tx> oblAiu mun eanct pdKods of tho 
solnr changes than conld be fixed solar-constant mDastneniesits ex- 
tendinp! onlj since the year 18S0, 



PCIUODIcmEB IN WEATHER 


Flam* 10,—A pertudifliir af 0^ anantlw in ternperaTnrw nt CopenbiBia, Tleeaft, 
and New Unteo, Omub-. *lii« ibn jear Sianfmot iiliav dtstoilMoeta a» 
endotfod. 


Since the 14 period* * aimuitaneously actire in solar rariation are 
approximately tlttjuot parts of STB montJis, wo may anticipate tlmt 
the many weather features uecurring al a siatioti in this inier^at of 
nearly 23 years will (end to repeat with some measure of Bi mifar ity 
in successive S3-year cycles- Exjiericnce shows that this influence 
is more cfToctiTe at EomB etati'tnis than at otltcrs. Figure IT shows , 
what has itappened at cue of the most responsive stationai PtfOria, III. 

It will be soen that eapcchUly iu the last Imlf of the cycles the tendency 
of fcatiirce lo repeal in Peoria precipit^on ia quite marked- Two 
attempts to forecast, midi) in 1&34 and in WHS, are shown by heavy 
dotted lines, and by light full linos, respectively, in figure 17. 

I have made use of this £73-month master period to predict 
precipitation for some years in advance at a number of limited 
regiona of the Unitod States. I reduced the prediction to a pn^y 
nmtine computation, and used lb* percaitages of nomiat prompi* 
tation smoothed by S-month conaecutlve meana- ITiua for March 

*T« U1|I> *nt bn Um »pprt*l»»ulr —weotba Fm ibsnSlt 

It ,pp«,), rf th. u» iini= of iSp *.t«i 
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JiuL + F*b.+ MAr.-fApr,-+M»y 

1156 the fitimitiAtinn ---April, 

Feh.+MBr .+Apr.+Mav + June expected smoothed 

5 


pertBDtogc precipitAtion %'uJiio foe Jetjuaiy of a future year, take the 
amoothed value for April 46 yeure prcvtoiifily, plus the smoothed taltie 
for February 26 j-ears previously, andl divide by 2< This simple rate 
works very well for some statioua Tlius for Fastpurt, Meiue, from 


I93it to 1042, inclusive 1 


for Wl menu ha, amuse otflerred siUiui predicted-- ±16 rcremt, 

yrnniMFr uid [iKdletad eii aanw! shto of JOO pcTcimt-IB 

ffumlRiT cfiaervcd prodteted oti oppoditc tides of 100 percent- ■ ■ --■- IB 

Xurubor, (Jionsh obeerrml and predlcfcd on oppwille sides of 100 prrcral, 
tMir dtftiemice obserrcit mtoiiB predlrted, lea* thflji 10 pefcctu- 0 



rtimte 17 .—Frtctpltailoo at I'wria, lU^ Kmoottisd bjr (S-UMmtli numlOE meaiiii, 
srransetl to ejeleA Lettcra repreumt eimllitr tetitpra In ■ucceiialve 

crcl«. FUfCculs (dotted Line, from 1034: tbln One. frotn lOitS) made hj coo- 
tldcntlon Af mwedtoK frelH. 


From ibene figures one may fairly claim that of 06 months predicted 
84 wore useful predictions, or a measure of success of 8T percent. 
For 12 l^ew Fnglaud stations simUarly evaluated, 807 were useful, 
84f> ttiUBtififactory montha' predictions. 

Sevend years ago, at the rcequesl of a Cohmd of Engineers 1 
made in this way from records of 10 stations a prediction for 3 
months of the expected precipitation in the Tenoe^ee Valley region. 
My prediction of precipitation waa 64 to 8T percent normal. The 
eveut was 8T percent normal. 
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YEAM 

V^UUMS 1ft— t H perlo^l « found 1o ilif af lt« rtni» frotn flrre 

ioqLhvtii GiMlanilft ta 11^ 
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The double and quadruple pueter periods of about 4d and fil years 
eecm even more prtmuneut then the 23'year cycle in preolpitatmn. 
la further illustraticiD of tlie edects of the S3-, 46-, and Sl-year perio- 
dimtiea 1 ^ ve figures 18,18, and SO. Thqr show, respectiTely, the S3- 
year period in the groa'tli of trees in California, the 46-}wr period 
in the precipitation at Bknmrck, N. D., and the SS-, 46-, and Oi-year 
perioda in the level of T^tka Hiimn> It seems probable that large de- 



esHOC^, aeuioT*. momxrigw h cecots <• oua. 

nurax to.—Itte dotted line In ibe iower tnirvei trtna t08T to wtu drnwu U> 

IfOT ns a predletlon. 

i'titinfr in iho Great tsikes levels, accompanying great droughts in (ho 
Northweet, will begin about the years 1076 and 2030. 

(THB H (30I.AR PEBlODlCmnS IJEFLIlCrED IN©ITn>UAIi.T IW 

WEATUtm 

There is another method of making long-range wealhor forecaala 
band on eoUr variation. With strict attention to the Heasonal in¬ 
fluences on pbaae already referred to, one may compute from monthiy 
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>venther rocords of tho ^bat ur« the pUcvIs of ouch of tbe U 
soiar periodi^cities on temperature and on rninfaJl for any desired sta* 
liun, Tlion, assuming fbat these influences trill coatJnue with llie 
isame eflecta in future, and ^11 paying eio^ attejition to the seasonal 
diimges of phase, one tuay add together all these elfecta, and also the 
tnmspot-oycle effect, similarly deterouTiHl from records of tlie past, 
and thus pn^ore a forecast for savoral years in the future. 

With the aid of my ii^istani, Mies McCaiidliah, I havo made such 
forecasts of tctiipttruiure and precipitation for several dUee in tlia 



inontR na—LiTrla Ilf UU Buntft I nlBiJ* 081 fi,). NflU? th* cyi--i« of 24 4«, atiS 
fit rtara, nwatia.> Oruat Urntialil* In ibr NuTitiw^st following 1884 

amt lu:^ tvimUioa, 'am araiul tyeJa ta Oa roars (or brttEr, MJJl, Uinor 
Jffltiishta rollcffliJiU! Uffli). inoft. MUil l<> Jw eiinrfhJ foliowlitif llt'i;! 

Dtiitod States. They l^' e been vciy succeaiful in swimj caims, not m 
mud] St) in oLhwfiL Figure il ehosra one of tha most Biiccetsftil, again 
dealing with tlia jiwupiloiitm at I’eorio, Hi. We employed the pre¬ 
cipitation recoTtia prior to 10SO to delcrtulue Llie outlines of ths pe¬ 
riodic terms, and then aynthiiaiKcd Ute «£[icftfld prccipkation through 
1W4. As will be awn, lOyijars out of tha IS diow Ixiih In phae* and 
ainpUttide coniidembla similarity to tile event, '1^ later yean betray 
im increasing tendency lor ilio prophecy I*) onticipoto in phaso.^ This 
may indicala tJiat aotnu adjustiuent of length of periods vs desirable. 

SlSMfl—*s-1» 
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riouwi 2j.~l^!t)IUitloii iii*r(wiiiii«Hi M tVirlii, 111., tiPnllrUHt <4otiea cttiTc]} nitd obwrvwl ifijll nirvpK HriilliHila of in perlotlkUleii 

datt>niilnvd £rotu rwofiU ftir ISnn lo 102n, 





















































































































































































fiOLAB VJUBATION AKU WBATHKH—^AflBOT 153 

Ilow«(ver, if OM were <:ont€i»t vHh 5- or prediRtions, siwh 

shifts of phiisa iMuld be coTroclcd from time to lime. 


CO-NCLCaiON 


1 have hrought together maaiy evidences which «ero lo tsdicsto 
that the stimil peramtage rianges observed in the solar emisdoa of 
radiatinn are effective fnctom to the domain of weather. Many others 
have been published by IL H. Ciaylon. The soJar meusurementa m* 
volved are exceedingly iUfBcull and require insUUlationB on high moim- 
tains in desert, rugions, wHer« percentages of dear 

with low wind velocities prevaiL Tlirw stations oiaintained by the 
Institutioii are now toigaged in day-to-day mea®^ 
menta of the solar constant of radiation. On acoonnt of the variable 
obstruction occasioued by the atmespherts, laden as it is with ctouds, 
dnet, ozone, and water vapor, tlieso three stations are msoffiaent 
adeqiwteiy to follow and record the sunh variation. About thrw 
times fls many monntain stations, widely sepamted in the mort cl<md- 
Ices and calm regions of tlm earth are neetled. They could be installed 
for |30(MXK1, and opemiw! for 8250,000 per imniiOL* 

1 think lltere is a great probability that if such additional solar 
stations were in operation they would furnish information of major 
value to meteorology. I believe that with the eolar data tliat ^Id 
then be available, and tuting the rich store of infonaaiion itgarding 
terrestrial factors now familiar to njeteorolnjpot*, greet progress 
would ensue. Tlie neglect of solar variation, which seems to be a 
major factor to weather, cannot ooitUnne if motettrology »to progress 
as it should. It would be like the play “Hiuntct” with Hamlet's part 
omitted. 


< v^T, IWOH e««lvpiartii (He tmanS. Sowyw, >y » U-r idswet «s)vewch 
t« tkM rSraaiw a«t wfliSria# ASdUiBHi •utaMw mit >*• 



















TKfi COCLUffTAT AND THE P^RWELIOMCTEPI JuSn- TMt T%JHf£El. AT 

I rtu MOHTEZyM*. 


SndkhuDun 1Up4rt. f'W*-Akfcw 














ASTBONOMY in a world at WAR' 


A. Vtmr DtnxiUA 
Qutunii pNJwfilif 
KingtU>»t O**ori» 


Science lias (wivunced daring the lust 4 years both because jwd 
in spite of war. Sonw of the scioncea have made neaumdous atrides 
os a direct result of the chailfliige of war neetaEtita. Physics, cb^* 
istrv roetallurey. aiid all the branches of medical science are ra Una 
»».% .h. Ml «.ry of U..ir p«.. »..y 

be nmde known. Other hnmehee of Stnowladgc, while far ^ being 
unaffected by the wiir» itave continued to edv^ce l^gejy jn spito 
of Oic upbeaTote in the life of nations and indiTiduals whieli world 
war inevitably brings. ABtronotny is in this latter da®. ^ 
Astronomy and astronomers are playing an important 
war chi«% along the two lines which have always presOTtod ^da- 
numullj Etellur problems^irccticm and time. But the mam a^ 
vancee in astreimmy in these last 4 years W b«n made m spto 
of tlio war. It is right and fitting and indeed very ancoiiraging ^t 
Ihia is the otse. When so much that is of intrinsic beauty and ot 
fimdamcntnl value b being destroyed by war. and when ao n^y 
worthwlule octivitioa have to cease, it w good indeed to know Uiat 
there are astnmomers on this continent, and even m soma of 

Europe, and in Australia. Africa, India, end probably m Japan, 
who lire able U) carry on the continuity of observationa on stare tmd 
Btarlight. sun and moon, planets and asteroidfl, comets and mfiteoi^ 
If the contmuity of obaorvatlon in imwiy branches of lunroniroicu 
work were to be cotnpletBly broken, it would be an i^pareblo Toss 
to jwienoo. Thus it is with satisfaction and great admiretiim tJiai 
WB read Ui the Reports of the Hoyal Observatory, Q^wich, Ihmi 
damage done by enemy action to one of the budding and to 
the Airv transit cirelo bos bwn largely made good, and o^rvatmns 
rowimmcnced with that mslrranenl upon Sun, Vimiis, and the stars 

lueontna fcj (..1*1 warn Tb. «< u« a-ni Awin>B«Bio.) c«»*. 

t«L «a, Ku. 0. U.rtJi l»14. 

Iwl 
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in UiP clock snd nKimutli lists; that paraUoi deterroinatiotis nw gouig 
on; *Lml fiolur pUotogrupliy iunl observiviiiius of chr(Hiioiq)heric wup* 
lions in Ha are continuing; nnd tlmt llie two Time Serwoe iStntions 
Imvft operated coiilinuouaJy. During tins period the exhnuative work 
on the solar pnrellnx wa# lironghl U> completion. 

In France eolar, platetaryj luid steUar resoarcli Imv© boon carried 
on, and iti Holland galactic ptoblpms, long^period wialli-s, dark 
nebulosity, and theoretical astrophj'sics have been under inrestiga- 
lion oven in llusse tragic yeiirs. In the 0. S. S. H., whore at lea^ 
thiTO observatories liaTo been destroyed and aiioiher disni&ntied, plans 
are already niade for rosiimption uf activity and for tbe erflctioa of 
new observatories to further the ritidy of latitude variations and solar 
rc^iOarch. From two oheervniuri^ east of the farthest battle front we 
know that papers have been published recently on pbotoelecLric calo* 
rimatry and on color temperatures. 

Similar records of <jb#iervattons and moasuraments carried on des¬ 
pite air ruUls, despite reduction of stJdJ, despite presaing war problem 
and difficultjcs of all kinds, could bo ({uoted from many ohservatoriea 
in countries deeply involved In fighting for tlieir very existonco. 

In these ond in countriDs like our own—at war, but far removed 
from the main tbeateni of conflict—thisre has been a very important 
contribution made by astrouonieni in the adaptation of aEtrotiomical 
uhservalions and rulculations to the problems of air nn vigation, 'Die 
Director of tbe QhiHgow University Observatory, W. it. Smart, hns 
prtutuced three books on uaiilliTal sstronoiiiy siiioe this war began, and 
under His insi,ruction, R. A. F, pilots mid cadets are leamiug the an 
and science of imvigation. Scores of astrotMoners, including Caaadisn 
men well known to many of us, an^ doing Hiniilar work, giving all 
their time, skill, and cjicrgy, and often risking their livea in the nir 
with aUideni pilots, in order to impart this wi necessary inatmclion 
In air navigation. 

Ill tho Koran, it is writton; “Qod has given you the etarfl to be 
guidca in the dark, httlh by laud and sea,*’ Hotucj: t*Ujs of Ulysses 
on hia raft ihal he sat at ilie helm and *'iiturkotl the skica, nor 
closed in steep his ever watchful eyes.” But navigation frinti the 
back of a ejunci or from the bridge of a diip can be a relatively 
leisurely performance. Not ho in a modem airplane’ The naviga¬ 
tor lakofi a flight on n star or idanet, he reads his chronometer, and 
thmi if his caicuktiems take him fi riiinutes to perform, lii% nud hts 
plane nre alriynly perhaps 125 miles away from the ascvrlained poai* 
tion. Every miimto that. aKtnin<mu>rs luivi' been able to cut off the 
time for computufion i>f [m^dtioti is uf tin* greatest value to niniien 
flying over nyis an<l aix cnntJuonts, across enemy lines^ with 

objectives a mere dot nn the map—a railway yanl, a faclorv, an 
ui^etd. 
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Turniug t* lie fltfhjwt of lime mMSurmettt, it is worthy of note 
that during these war jrijrt* an injcumcy neifer before dreamed of 
ho8 been attainedi U was in April 1&3S that Eisaen described before 
the Royal Astronotoicat Society the researches a( the National 
cal Laboratory which liuii resulted in the new tjuarta dock, of which 
so much was hoped. Tliii^ dock mates use of the properties of iha 
crystal oscillator, one of the most reliable and perfect mediantcal 
sTsteme known to man. Estivn tlpserLbus quartx docks briefly as ‘^on- 

sistingofpbonictnotorrr con trolled via frtquenoy aividers by vibralvnfl 

quart}! crystals." In a paper presenter! to tha Royal Astrononiira 
Soeioty lust June. Greaves and Syimms record (he interwtrn»ari9<UM 
(if throe Greenwicli free pendulum Siortt dodSf two National Phyei' 
ral Laboratory quarti docka, and three quarts docks at the I’Oiil 
Office Radio Branch Ijiboraiories. 

They nnalyM dock errors into throe classes: (a) eiratJc vona- 
tioxiH in phase, (b) erratic variations in rate, (c) a combination of 
|)h&^ and mtR vftrintinTfcSi, prcjdvicing^ a cumiiliitivc 9hC)W 

that two Shortt docks and two quarts cltwka may indicate appita^ 
matdy tJie same mean absolute second differences of rdativo cij«k 
error, but the distribution of errocs between the three claves is differ¬ 
ent—thu ijuarta docks show very little error of (b) and (e) relative to 
Shorn docks, and errora of class (a) do not affect the |(ing-period 

[ferforntance of a dock. ^ , j ■ ■ 

The fanioue Shrott docks are now known to be mtjapable of givinfl 
the precision demanded, but tlio Astronomer Royal hastened to ps> 
them a deserved tribute: 


Twenrj j^an aet. vre hml fcHTiU tJcflllna with the pertonwoce <if 

Thf- HUortt clwfca Ibca IwikwJ apwi wUa ffrwl rspectatloiva. In mi* 
ni'niF-vMl Iti a stmrhF and beoutlfol Miuwr wlmi twiroloRl^fti lind bwn itrtv n< 
*ft«- for Trftrt. tidioely, a peiulnlttin deat^nea solely tf’T Ihr pucpmir "f 
iLfsc whllrt toeing Cflllwt luvn (•> iierfem no rnwhnnlnil wni*. Bui If (he iFiiltse< 

qticttf. perfonTiiiiifD ef thti* tjpe "f ctocfc UIU (tot fully emne up to our toigh 
UUnns, the Sliont Fr»v tViiduluiii i^n^ one tblrg (o Us crnflasUHa creou It 
riiT(T-l the n.-tlmnwiiwM to adopt Ihe use of itwiij Sldewal Tliw whwe ft«nJ«rly 
Trao IMdeTeol TLine Imd towm mti^iiste. Ttoiring ibe ijiinfreiiing 20 years ilma* 
tills typo of cltH* was InstBll^J In many otaerfatorl.'S, new lequitwnetiis l»« 
■prang up, In tb* pn*l the main (lunmsv rf a iluw fc-rrlrt was lo provide atomn le 
tliw wUb in accuracy .iifflF'lunt for Mtlnsilanal and inrvesrliig raqulrenwitt*. 
Hat tbe iicii* UK* ol ftequenej slaiiLlanJi bns T»i«ed " 'tciHnad for ^l-hiiur Iptmnls 
eerruct to the n-rj hi eh acenraej of ■ mUKsecoiid, 

It mil be seen then tliai lU al-wliUe standanls ill ncv^u«lch. tUiorti c^loijita 
bsie bpcouii- ohHtlfttr. Our limg ranp- pitilicUiiik* "» now huied emlroly on 
quart* elotka fnv [u-tHlnlum rl«k* teltia uset only for Ktropulallon over an 
tdicrtfil ZA boUffl- 
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III 

Let us turn our llioiightH. to cto^olngj and rocoD tkot it lias dunug 
the first World War that Eiosteiti's geuerat theoiy of rolatiTitj tip* 
peatod. Tu'o yoars liitor. in tlio -iriir yeor 1SI7^ camo the suggos- 
tton of Att expanding iinlvarfie. This was ona interpretation of do 
Sitter^ nmditicAtion of Einstein’s costnology, implying as it did red 
shifts of tlie spectrum linos of faint distant objects. Incidcntolly, wo 
may turn nsida to remark that while de Sitter was then working in 
& Holliiiid (Jiat had been allowed to remain ncutrnl, fiia spirit la living 
in the occupied and battorecl Holland of thia war, and ho, though 
dead, yet speokcUi, Infpiring his etteceesors at Leiden and AmsterdimL 
to carry on the tmiUtion of astmphysical research tn spite of all ox- 
tenia) lUfficttltirs—Thus Verweij has produced a thcoretioil diBcnsaion 
of Stark e^oct in stellar spectm which was published in Holland and 
found its way to the United States of America just before the entry 
of that country uito this war. I’rrbnps 1 may add that Verweij in 
that pnfior dealt a hard blow at a paper by a McQUl colletigue Mid 
myaelf, though I do not aocept it as s knock*out blow. Further re- 
search on this controrersial subject is now in progress at the Dominion 
A^itrnphysicnl Otmerratoty.* 

Do Sitter hod also deduced from Einstein’ia theory (he four eon* 
clurioiie ohidi offered a hope of observational cnndmuition. One 
of those four crucial testa wds whether radiant energy paaaing close 
U) a body with on inlcnee gravitational field Burrounding it, would be 
deflwtod in acoordsnoo witli Newton^s Uw of gruvitAilon or with Ein- 
Atein’u modifiratifin of tlmt law. It was Pr»><. A, S. Eddington who 
realised tlie grijat iniportanco of making this tert at the first favor¬ 
able opiKirtuuity, namely, at the lime of the total solnr eclipse wfiich 
WBB to occur on Moy 2lt, with tho Hyndes oa kackgronnfl War 
or no war, aM the plans nnd pi'ep&ratlons wore pushed alioad am] IhuB 
it wns tliai when ijm oventfuJ day arrived, oven tlmugh tho Treaty of 
VorsuiUes had not yet }»eii signal, two Britieh cxpoditlona were in 
readiness t* take llio crucial photogmpha I often reread the passage 
wriUnn by n learned iiiatliHinatvcinii and phitoaophor in which ha 
describes! the Tnceting of the Royal Society when the results of these 
ectipse expeditions were onnoiuiccH], verifying as Hioy did (ho theory 
of Einstein: 

Tbit wM* aimoiptierr* of teiwn interHt wn« exact)/ tliai of ttie Om-u dranu ; 
W9 were Uie cAon« ctiinnieiiitiijt hq Uie dcciw of destiny a* OttcIoMit Hi ilui 
i|(!TiilDa«Hn ftf a mipnuBs Incliloftt. Thi-w* was ilrniaatlc (lualliy in the wry 
stssfauj. the traUmcmiL ceniktoiiliil, aiiil to the taidcifTfiuiiil the picture of 
ffewtim to rcmlnil ns (lint the rr«it«t of K'lcntlDu achernllHitltvua vom now, after 

* Rri-i-nt *4,1^ Ht tli» n. A O. O^inTS l« » cmamstiDS of ItM work nf fimttt *nil l‘n..| ri.f 

Vii tHIrrpfvtAt tiiQ in/ iml lrtin irmfliH. 
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piontt tbiii iwo eeamrlfl*, to Its tort mc^Oiflcatloi}. Ktir wai th* pcrsooiil 

waniiny; a |[rfyiE. iidr^nLiiro Lo ibouflit tiAcI st come idT^ to abore. 

[A. N. wbltEbead.] 

De Sitt«r'« isxpattfJiitg uiiivei^ Etigg^ted an outward motion of 
Uio 4»t€dliir bodies witliin tho froniKWork of quicd ckfined hj hb 
modification of the fSitibtcin ofjnatioD. of spncotimo goom^try* Ton 
years liter, Lemaitr#, tflio had fought with the Bolgiin nnnj in ifia 
war years and after^^ard. euterod Louvain Unitrersitj, brought for¬ 
ward hb tJieory of expanding apoco. Thia made the radina of cur¬ 
vature of apaev n fitnctiun of lime, and gave i nevr aLimulua to iUo 
iatronomers in tiuuse great observatoriea i; 4 }uipped to probe moet 
deeply into space. In the following years, at Uounl Wilson and 
Harvard particulorlyr the eiplorfttioii of space was cartiod on with 
vigor* Mid mediods were found of eaiUnatijig the distances of tlifi 
remote gaiiixies, A opcciol bna was designed to obtain Llieir spectra 
It Mount Wilson* and to tlnj broad^ strong H and K liuiia of 

Eonbed caldum^ red sihifte cniild be meaaured to diets ncoa estiinaled 
as 2 J!M},{lOO,OOa light-yeam Tiie correlation between dbtonce and red 
stiift has provided a rtmarkahle tonlirmation of the tiiuary of tlio 
expiiiiding universal BecoasioiiBi velodtioa up to one-seventh Iho 
volocily of light Imvo now been observed. In the years betwfKsn tho 
wars 11 fow voices were haard to question the interpretation of the red 
obxft os a Doppler dUpbeement, but aineo no altoraative explanation 
Enjggcsted itaolf williout postulating some entiraly now law of Katape^ 
the cxiJandingimiverBO remained os a workiug hypotliesk iti the liact- 
ground of most aatFonomer^' mindA 

Oue of Llio interfisting tilings that these recent war years have 
lirouglit is tho roopening of Lliis question by E. Subhle. Is the 
univonsc expandingf D the red shift aetnally indicative of motion I 
Or b the framework of tjie universe siauef And if what b 

the eatplanBlion of rbe displacement of all ffiwctrijrn lines to ths 
red for diiilttfjt galaxies! Huhble^s analysis of all uvailabk data 
baaed on the a^^nmption that the univeroc is expanding, noce^tateo 
the calculation of a dimming factor due to recession. When cor- 
rcctifiu la made for thia in the estiinullon of distonoes, he claims 
Uist a niap iwults whicli is not of honiogtmeoua denjiky, wbirb 
implies iiu iucreoaing rate of expansion witli distanca, and Uieroforo 
on *'nge” of the univers?? totally inadequate On the otlicr ham! 
>v‘lien ho assumes n static fnuiiowork for tJio universe^ Hie analysta 
of all the dita gives a map that shows a linear relation betwecni 
red shift »^»d distaneoH, and a homogeneity of dentillliis miip 
has more to ciiuiiiiend it than has the former map, and liojsce the 
Mssumpdon of a idAtio framework appears to l>e favormL But* os 
various lurtmnomeiw have poiiitcii out, tlte weakness of tills result 
lies in tlie large probable errors of tlie quantities involved^ so that 
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even en opp^roiit divergence of 30 percctil from tinifonniljr of den¬ 
sity is not- evidunce weighty or certain enough to overthrow the 
Lenmiire theoty of ui expanding ntiiverse. 

IV 

Inipoi'tnnt ndvances have been mitde recently by Ganiow and 
Bet he in our uiiderstandlfig of the isourccs uf etiurgy within stars 
winch j^icrniit them tu radiate energy as they do. l^thc hoe given 
ttU ex[>u£iUon uf u. cyclk'iU sm|Uunire of fllointc changes and intemc- 
tioDK whose net result leavi>s a star wit h fewer bydivgen atoms, hut 
witii more helium niid the iiborutioit of excess nitcleRr energy in the 
form of gatuiim rays, 'llvis is nuw geiiemlly referred to as the carbon 
cycle and it is too beautiful unt to be recorrleil herot for though 
published n few moutiui before the war, it has been during the war 
years Uiat it Ints l*ocoinc a part of sstrouoijiical tluukiug. OJ the 
six stages, four riSHitJt fiHnn colllsioiis with hyilrogott atoms in the 
deep, hot interiors of main soi;(uena! stars, and two aiw spotiUuioous 
diaintegrutious of uiiiitable nuclei. 

1. C* -jr H‘ = N» -h y 

2 . -* C.“ + positron 

3. C»» -I- H‘ = N'* + y 

4. N" + = 0« + y 

5 . 0 “ —» + positron 

e. N-i* -I- H' = C» 4- lIo‘ 

Tile two positronii rapidly interact with electrons to give rise to 
gamma radiation. Thus b produced the penetrating radiation, most 
of which in the coarse of its progress toward the boundary of the 
star becomes trantfformod into the iieiil. light, and ultraviolet rudlation 
that pour out fram lim photosphere. Tlio central toniperaUtrca of 
the cool giant stars are insuHicicnl to maintain thia active cycle, but 
theory i;un explain their radiant energy in terms of iitomic coltLiions 
and tmnsimitations which are, litwaver, nuneyctjcal. Hydrogen, 
detitcriuin, litlnum, beryllium, boron are slowly iransformed into 
helium. 

If tlie oentml rogioits of the hotieat Btara aro not. the cruuiblt$i of 
nature wherein ibe elemeuLs ore built up, where and under what 
oonditiona were they formed I A highly speculutiva answer ts to be 
found in an inienBcly intercitting piece of tiieonnicat research carriod 
out during the early years of tliU war by Chandrosetdiur and Heinrich. 
They have been iiuiuiring under what conditiDita of nnture the bftsie 
unite of matter—eleetroiis, protons, nmitrons, positmns-^'CoaM be ex¬ 
pected to come together to form, in their varioita proiiortions, the 
atoms of all the isotopes of the eleinente familiar to the dnemiat. Aa 
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thv^ tticsientii compciM lUl st«»Uar bodies os well as atl things ter- 
rcbtrial, their !!yntlieai« Is a cOMOtc priAjk'm. Ttier hitd that sudi 
tremendous extnentes of high teiniienituto sud high denaiLy would Iw 
required that it is nece&ssry to «iipt>o«iO that all Ute loatter oi the 
known universe was tiTioo confined to a Yotutne of radius only about 
twenty timea that of tlie solar system. Stich a sphere drawn around 
our sun ss center does not. now contain & single other star. Ifet into 
sucli a YoIuRie there may one© have been pocked not only all the 
thousand mtliion stars of our own gabxy, hut nil ih© millions of 
otlier galnxies. This is indeed a purturo r«mmisc©nt of tlie "giant 
iHoiocuie” of Lemshro. Since stars and galaxies are not now thus 
packed, expansion must iiavc taken place some time vety long ago, 
Tho present rsite of expansiein is such that fpilnclic distances are 
doubled every 1,800 milllou years. Tltie gives tho time elapsed, ftinc© 
tlie expansion began. M several thatisond million years which is in 
satisfflctoiy accord with tli© age of the vaitU os determined by other 
physical lines of apprtmdi and reganled neci'-'isarjly w a hmer limit 
for the age of the universe. 

The lost chapter on these coamologrcul proldems is not yot written— 
indeed there may W’ell be many chapters yot to come and still no lost, 
chapter in sight. Tt i© the glory of the quest that os ineu seek the 
unexplored horison die margin fades forever and forever aa they 
move. 

V 

An inv«;tigallon of very recent date hna led to positive conctusiotis 
about planeiUke bodies associated vriih stars other than our euii. 
Tliore is strong evidence for this in die case of fll Cygui and TH 
Opluuchi. This may be the beginning of a new search and n new 
certainty in a field of aslrenmu,v hilherlo iheoreiical and speculative. 
Already several aalronomere uii two coutinent;- are studying the im¬ 
plications. 

Another astrophyaical problem that has been worked upon with 
coiisidenible snecess during these war years, is the old backlog preh- 
teni since iSttd of the soUr corona. At TTppsala, Edt^n has been 
examining X -ray and ultraviolet spoctra of some vary highly ion¬ 
ized atomis, and a year ago Ilia 1942 paper was received in England and 
also in dm United Statm of America. He ukh his laboratory data ss 
basis for coiculntioin of forliiddcn linea and altogether hr identifies IT 
coronal lines with tines of Fe X. XI, Xltl. XIV, XV. Xi Xll, XIII, 
XV,XVJ.Ca XII. Xin. A X; and two other lines lem certainly with 
Ca XV and A XIV. Tlie iouiiation potentials required lo produce 
such atoms are vciy high, actually 333 volts for Fe X, 65.*! votls for 
Ca XIIX, and at first ibis seemed to oiler an inmjperabl© ohstacl© to 
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Acceptance of propuGul^ The A^*otJ question of Xicofieiuus 

arosB^how can them thing? bet Tliese atuiiia ore many Lboiiaanil 
mile? from ihe photoephero of the sun; and to produce such tonixaiionr 
Uunpmluree of ShOCK},000 dcgrwa are ttcceasnry. Stieculation and 
calculation Lave followed, A few oidikIw ngo an explanation wn? 
given in a letter to Nature by Y, Vatid of Londou. Even higher tem'^ 
peratuies he shows to be possible in the lorw^ctensity regions of the 
corona as a result of collisioiis of Iiigh^vetocity atoms falling toward 
the sun from interplanetary Bi>ac& With tJie greater density of thu 
inner corona and cuiisequent increase in radiation losses, lie believes 
conditions may be favorable to just tlmee iraJisittons poslulsted fay 


The numbers 130, 137, SSQ will awaken in the miode of many of 
you mcmonca of a kinged inUireat, of perplexity^ doubt, expecta¬ 
tion, and perhaps of momenU of groat thrill, as yon think Iwck 
over the last 19 years, One name alone stands central among them 
memories—that of Sir A. S. Eddington. This has been his play¬ 
ground prO'Ctnincntfy. Some of its have stood fascinated at the edge 
of tlie hold watching this illnsiTe game played patiently, skill fully, 
brilliantly liy one man, a roaster juggler with the elements of the 
theory of groups, with quantum mcdionics, and with tha bnsio units 
of measurement, producing, os from the prrjverbial hat, physical con¬ 
stants botii atomic ind astronainicah Soma Cliere have been who 
paused to wntch briefly, to Bmilo or even ridicule the Aristotelian 
tour dc fom?. But steadily and doggedly the tiusoty bns been pushed 
forward, several papers having appeared in tlie last 3 years until 
now die evidiincQ is overwhalmlnglT great that, wiUi no observational 
data other than three basic constants, nantcly, tha velocity of liglit 
and the Eydberg and Famday constants for hydrogen, it is possible 
to cakulat« llicoreticully the following 13 physical constants: ebar^ 
e; Plant’s constant^ masses of electron, proton, hydrogen atom; 
gmvitattem constant; fine structure constant; nuclear range-constant; 
unclear energy-constant; mass of universe; number of particles in 
ttniyerso; Einstein radius of space; nebular speed. Tliis is a Btnkuig 
achievement. 

Let us look briefly at just two of these ennstanU. The rooesgional 
velocity of the spiral nebulae is calculated to be 572.36 km, per sec¬ 
ond per mcgRpniTscc. The oLscrvational value of Hubble and Hu ma¬ 
son is 660. When the great 200-iDch reflector comcfi into action, we 
shall expect to see the ofaaarvatioual value come closer to liddington’a 
detetmination, 

Tlio number of independent quadruple wave fimctitma at ony point 
is 3x136x2™ or 3,1BX10" and in his earlier work Eddington hien* 
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LifiMi tliift with Uu‘ uuntbcr of particles lo th« UDirerse. Since l&dD he 
lias fouotl that a iiue^tion of ncnintegrability tti spherical space 
tieccssitates a reduction of 25 percotit; so the number given in Uta 
1042 paper l6 2.56XHr*. 

This tlieoritcal approach has now readied a point where its author 
con wnto 'T ihink the theot^ now deserves to be the accepted theory-^ 
my delinitjon of an *8ccepted tltoory^ being that H is the themy which 
is 60 far right that evciyone is interested in liying to discover what 
is K'rong with it/' Can we wonder tliut he pauses in bis work to refer 
to *^0 dovaetAting beauty of t|uaittum arithmetie.” This entire iu- 
vestigation must surely rank es one of the giwat advcnttirus of the 
human nuud exemplifying Blake's stately metaphor—‘'Imaginatioo 
goes forth in its unctirbod glory'-” 

VII 

This brief survey of a few fields of astronomical reHareli, incoiU' 
plete as it obviously is, will serve Devertheless to indicate that pure 
science is not dormant, much less is it dead, cluring die terrible years 
wheu the rile demoniacal God of War stands astride the earthr For 
many years the Internalioiuil xVstronomical Uniou boa been on in¬ 
fluence for understanding, and for cooperation in tho search for 
knowledge with mutual respect and tniaU It b temporarily In abey¬ 
ance, hut it will once again rtee to carry on its good work- The 
lesson of astninoiny down tlie I'enturies has been one of inlenialjoamt 
iuterdependtinca and mutual Indebtednesa. 

Tlie problems facing mankind are very complex—tiie dealings of 
man with man, Ute altitude of nation to nation. Ko solution:; making 
for international good wilt and world peace will be achieved by men 
of narrow mind, myopic sight, and dwarfed soul, TJie for vifiioii 
tn time and epace, the winged imagination titai leaitf tlie barrier 
of here and now—these are ihe qualities of mind and spirit niiedcd in 
every walk of life and needed superlatively in the leaders of oTciy 
nation if in the yoara just ahead of tis progress b lo be made toward 
the great ideal of intomattonal unity. How can the eyes of ihe 
blind be awakened to tlic dazzling viainn of the City of Gmlf For 
some it may be by the oontagioua enthiisioEm of a great teacher or 
leader, for otltcre die illuminatian from |Mrftry, for Bomo Uie spark 
is kindled by the study of histoiy, orqf philiKophy, and for yet others 
it b tliniugli natural philosophy and astronomy. Mankind needs the 
perspectii'e of Uio cosmic backgomnit “Thu great volma,"’ said 
Field Manila) Smuts, ‘detain their unfading gloty and derive new 
moaning from a ctsmic setting." 

'lliere is a dmllengu iti the sctcnlbta and to Uie tovera of sdence 
to fA^ ’ h tJie boys and girls, tbo young men and women of today and 
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Uuuomi’W, tho ideitlst Lite uitna, the tiicUtotlB, end the inte^t^ uf tins 
fioieiicifie upproadi «• laL'ls end tn problems. 

Wo do not forget the dJeitim of Eabeleis, ‘^Science without con>' 
science ts danuisUoiiu’’ W'artline drives this homo with bitter &nd 
tmgic intensity, ^ut we may say with ipeut oseur&uce that science 
witli onnscience Jias an essentiat part U> play in procurinif and matn- 
tnining world conditions in which peace can endure. 

All wlio have the ideal of world dtucenjddp at bearti all who have 
tlitt far vision of things that have been and of things that may bo, 
and the roiUistic ^wsp of things that are, must cooperate In the great 
task of bringing into the affuira of mankind tii>on this earth some 
smtibiance of the ordoTi beauty, and harmony of the nnivem of 
Stars. Toward this end, both directly and indirectly, astronomy and 
astronomers can play a part; and it may prove to be a part which 
no one else can play for them ttccaiise th^, the ostronomera, ore the 
pooplo with Uie fullest understanding of tlte cosmic faadtground. 






THE STRUCTURE OF TIFE UNIVERSE» 


By (rtAt'iw WIJ-I4AU lilurn 

pnf wf «/ T1>e ffloc 


It nuy swJiJ, at first sight, pceswuiptunuii to attempt the discussion, 
in aiii! hour or less, of such a comprchonniro topic as tho stniciure of 
tiie universe. Actuaily the subject w »K*t as big as it sounds. There 
ore, in one sense, as nionj* universes as tliere are individuals; but the 
universe in this personal sense will he rohsd out of the prEsenl di%U9' 
aion. A tremendous siinplificsiition is at once achieved when we Undi 
our topic to the physical universe. We now inquire, what is the phys¬ 
ical universe! 

Eddington has defined it as the "theme of a specified Ixidy of knowl¬ 
edge, just as Mr. Pickwick might be defined as tltc hero of a spwificfl 
novel.’* Such a definition emphasiMs the epistemological point of 
view and therefore it suffers from lack of definiteness and ainipUrity, 
Tliere is beautiful dirflctneas and decisiveness in the attitude of ih* 
mathematician who wrote an equation on one line in one of hi a pub¬ 
lished pafKirti and said, “Tliis equation contains everything we know 
about the physical universe,” The condaeness of tJio language of 
mathematics is probably nowhere better exemplified than in this equa¬ 
tion. On the other hand, tlie iinivense, if U can be described in terms 
of mathematical symbols and with one et[uatioti, may nut ficem like 
such e big subject after nil. 

To the physiciet, tnattw, fipace. end time exist outside the htunon 
mind. Tlie physical univerw la an objective, dynemic arnuigemrait 
of nil matter, space, and time. In discussing the structure of the 
UDiverae we merely attem]it to describe Kwue of the features of (Ids 

Before besginninp sucU a d^^scription it tiEC^SBiiry io indimbs 

jti»t how it i* rclmeti to hum an welfiuie—th^ title of 

ihie Ksrlea of letrtui™ ifi ^Scieut’e and Human W&ifnre*^ I am venture 
iiig to iiiiarjirot tht phra^ '^lunau TPrelfa-rt?^ in the broadest posaibk 
Tlirrfl art many tyiw« of w?kiitific iuvKitigfltion which do not 
ajipear in have any difv'ct U^arinfi nn tin* ploimm® of painfl of the 


ii Tft# aif» iwnmii is th* iwit bj 

CtfimiakioH tfvlll Tbff filrt IUhllEBl* FffHipbJti. S^h OCtflbffT 
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htimftn race. Tbfl discovery of tho planet Pluto cannot bo said to have 
done very much toflfard raising tho snni totol of human ■welfare, in 
Uio ordmary sanse. But in the broadest sense, it may bo said that 
Uw vrelliini of a nation Is doseij tied up witli the capacity of that 
nation for untiring search after truth. Inidlectnal imri'ot, intGllectual 
eunositjr w, wb like to think, oesential to the true growth and develop* 
ment of a people A dairy ooropnny advertised that Ita milk comes 
from contented cows, A rival company is pcrliaps more progrcaive 
in its views when it advortisos that )ta cows are not contented—they are 
always trying to do better. 

Tho Ihi^ is, then, iliat the pursuit, of pure knowledge h indicative 
of a hoaltlty national mind; that full devdopmenli of inioitectuat 
activity, whcUier it ho in tha matter of tnv««^tigntlng the stars or in 
j iiiililing a better radio, is essential to the into welfare of a nation. 
The Rnsaians asked a captured Nazi why he came into their country. 
Ho replied, “I am just a little man, I do what the PBhrer soys,'’ A 
nation is facing tritgedy when &eo speculation is discouraged, when 
science is devoted solely to control of men and machines and to the 
production of a workable mam of “iittle men.'* 

To begin this dlscuasion of matter, apace, and time we will try Jirat 
to systematize our ideas of space, nr size, in relation to matter. Im* 
Bgine A long, horiwmtal line draim so as to repreaent the 
Let all objects in the universe Ije placed along this line in the order of 
iheir sizes. The smallest objects will bo placed near the beginning of 


utettOBCorn* aioimr 


Zcr« 


ElecrriMs 
roilf ron 

Nteafflnn 


rralnn 


Atom 


&10D» 


uAcsLQum^tc 

tftiBntaic. ICartU trtim 


Fiorme 1 

the line, at its left end. Larger ami largtw ohjocta will be placed 
farther and fanhiir to the riglit. We next divide the lino into two 
purta hy a vertical line. Ail objects to iho left of tliis verflail lino 
arc too fimnll to be seen with the naked eye, so this region ia called tho 
fniaroitf*t>pia region. In it are plaoed different kinds of parttclcs such 
as molecules, atoms, the proton, the noutton, the mcMtr«m, the eloctrett, 
positron, and neutrino. These part idea ore placed nearer and neaisr 
to the origin of the line as (hey become smaller and snvalicr. It is 
worth noting that nature seems not to have given U9 anything smailur 
than the electron, in spile of the fact that there b plenty of room for 
ptrticlos between tlje electron and tlieorigin of llie line. 

To tlie right of the vertical dividing line we place ail objects large 
enough to b« seen with the nnked eye. This region is calSotl tho 
tnacroictfpki repton. Wo might put in hero, atones, mountain, earth, 
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solar aystcaij Bpiml nebulae. The farther wid of thn macroaopic 
region tnsy Iw citun a subtitle, tlia mirotiotnieal regioiu 

We haw arranged here various matter elements in a certain spatial 
rdatiemflhip. Tlje time concept in ttivolifed because tbi* is an arrange- 
ment which may be oorroct only at one instant of ti«». It la pm&ibte 
that the position ttf Bonie of these entities on the Htic is uonstaiitly 
fhnn jr in g. When an electron gets into rapid motion its tnaee ia 
changed a little ami it shortens one of its d imena ona. It thus shifia ita 
position on Urn linealighlly to iho left whenerer it has a high velocity, 
Tlie solar system may be slowly mnnbg down so that the planets grad* 
ualty approadi the sun. If this is the case tlve portion of the solar 
system on the line is slowly shifting to the left. 

(Certain segments of this line liave cxwnpied the attention of various 
apccialiste. Astronomers deal with emtything list^ to the right of 
eartli. Tlionsimcis of specialiste work on the section from earth to 
atom. Physidata in recent years have concentrated intemively on the 
segment from atom to wro. The difieovory of the positron, the neut ran , 
and the mesotron within lbs last decade, baa opened up a most fmaful 
field of research in physics. In this region, torever beyond the reach 
of l!ie liumati eye, is probably contninwl most of ihe mystery of the 
entire uftivetee. As K. K. Dnrrow has espresseil it, **This field ia 
unique in modem physica for the minuteness of the phenomena, tlie 
delicacy of the obsenratione, the adventurotw excureionfl of the 
ohsorrere, the subtlety of the analysis, and the grandeur of the 

inferences,** , , 11 t 

It is not too much to say that if some American phyeuast could only 

make the ri^l kind of discovery In this domain our antire oil and cool 
industries would become more or Iras oheolcto and World War 11 
would be won in a matter of days. It should also ho said that such a 

discovery b possible but not probable. 

Returning now to our linear lay-out for the universe wc may note 
thaL everything to the right of proton u oonstnidwl out of llio mate¬ 
rial included in the range from pruton to *ero. All malter in llie imi- 
veise exists in the form of bunches or aggregates of smaller parti 
Protons, nciitrens, electrons hunch to fnim atoms; alums group into 
muleniloi; molecules greoi> into stones and mmintains; stones and 
rnuunlftittB torm the earth. In the astronomical field, planets poup 
about Ihe sun to form the solar syrtem-a solar system which in toe 
eatrenomical field is remarkably Uke the atom in the 
Tlie Important unit of structure in tlie astrenoinical field is a sim. 
Practically all the sUrs which we can see on a clear night are diaiant 
sums, miidi like our own, nUhodigh. it ia thought that tmly an oxtruinely 
small fraction of tlu^ suns haw |diu.ets around them like our own. 

- It 
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All these suna which ceu be ruccignhtK) disflinetly arc grotiped in n 
son of flattcjiccL diskUke bunch which I3 whirling in empty apuce* 
Otir own sun and pltmcniry sj^stam is n mMiiUij' of lLls groiipi being 
located flbtrtU 30,000 light-years^ dkiont from Uto eentePt or hob^ of 
this gigantic dink When we took into P?|iaef? along Ihe pIflTie of the 
dijik die ecejn to be diEirihuted very fierisely. Wo see the milky 
wnj'. llns bunch of is cdletl a nebuln. It b aonietimes 

called El giilaiiy, nw an ialam:! itniverse. The word “universe” in this 
sense hfi^ n rciitricted nieaning because our islanfl universe is not the 
tiJilj one hi ttifjRLenee. There am miHjons of others ilistrlbuted 
lliroughuut sjpace 11:5 for oe out mo?^t powotful tclii^opes have been 
a We to peijctrato, 

Thi^ ticbiilae are by no uicians rcranl diiscoveriejs. Sir William 
lirtT^-huh IMl yearB ngo^ dUspCHrttHl that they wero diiU:int groups of 
fltnm The philosopher Kant believed that they were '^systems of 
many stars^ whn^ die-taiice piescnts^ them in ?uob a narrow space 
thiiL the ligiit which is individually imperceptible from each nf thojti^ 
reaches uot on nccounl of their inuuemK? mulUtude^ in h uniform pale 
glimnier.” T licy have bceu dtsscribc^l as loidciug like ^candlelight 
dirtnigh hi>rn>^ A rough diogrEim^ not drawn U* ^FCule, is given in 
figur^^ S to indicate the totiil of iho i^ntire EsniviT!<pO which haft 

Iwt^n observcfb up to tha prewnt, with onr most powerful telescopes* 

We might now- indication the linear ky-fiul; of figure 1 die approsi- 
maic of l.Iie largest hunch of tfiutter^ the spimJ nrholii*. us l!lK),0M 
light ycan^ Ako ue might speculate lus to the po^ihility of nobuku 
thwnisoivcs fonning still larger groups. Extensive surveys Imve been 
niarle by tlie iisa^onomerB at Harvard and Mount Wikoiu of die dk- 
frihution in of live tichuloep and there is^ indeed^ evidence of 

gTonping of nebulae* It is legititnatc to add another bunch of matter 
to the tine layout—the supomcbula, or loipcrgaloxy. 

The stiiJorgitlaxy is the largest knoti'u ogj^regatioo. of mallor in 
the univcr^^e. Its diameter may be of the ordor of a million light- 
yeoi^ Ai la*si iJmt is the e^imatt} imiilo hy Ilarlon StmpJcy of 
tlu> diameier of the grcaip of nebnbe in wliich out own h tocatcfb 
Otir lot'al grouji ctuiliiiut pe]'ha]i& 15 or 30 nclnilnc, btU in some super^ 
gBloxies th^re are hundreds of members 

So fari then, <mr picture o| the imivcrse reveals 11 graDiiluff or 
atomic atructiire. We start neJir the xero point of siay^ with a particle 
of definite ako. A fundamental law of utlractkiii operated to caime 
ihe snmll jmrtidns to group together t-j form larger pah ides, these 
larger partidea again group Ur form still larger parliclM, and so on 
until we reach the limit of oWrvaLion, the enormoua supcrgalasy. 

■A eabl rw*f l* Ih** alUfb Eittt rni¥<iiti |p I^t\w y^r. It M|rpraxtEDir4f 
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We Ere uaiible to pot o aftop at the right-bmid wid of our UnOf au we 
have done at the left end. St^ce may gi> on into infinity—poeably 
matter may go on bundling up into larger and larger eggn^lea 
with no limit a» to the ultimate aixe of any final bimc^, b^nse there 
may never be any final biuidi. Speculations of this kind may be 
interesting hut tliey are not of much aignifleunco otherwise, because 
tlicy Hi ouUide the realm of possible human eiperitsnce. 



novaa <»f ru.w «i uw loaiacu teusw-i*. ^ 

L. T.. nnU Uio lUaaram li rwi lo iCBle. Our eartb Is about ao,<MX) U i. uwajf 
f rvKi thtir <il tie isentral uelmlft 


It seems probable that in detecting the uupcrgulasy man has 
tliL* limits of observation in his probing of ihe depths of spa^. . , 

now SOO'ineb telescope will Iw doing a fine job in helping to cnait an 

analyse these eiionnotw groups of niulter, , , . 

Tlie tine dingtnm of the universe, liinitcd at one end by tlio elod ro^ 
at the oUicr by the suiMU-galaxy, lus given u ratJw simple pi^urv m 
terms of two variablm, space, anil maUer, llio third varmble, time, 
muifi now be considoreil. We have to ismsider the reJaiioiuhip be¬ 
tween the various unite of our utruemre aa this cdaliouslup may 
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cLauge from tmie to time. Kewton'a Law of Untrorinl Gnivitution 
sa^ that OVOT7 particle of matter m the nniTerea attracts erei^ other 
particle. If forces of attraction causa matter to hunch up into aggre¬ 
gates of variouB sizos. why may not the various Lunches themsBivisa 
start cotnhig togctlier imtU eventually there results just ofto large, 
Blatic hunch of nialti'i floatitig quietly in on itvfinitj of sj^ef Suclt 
an end result seeuiB logical, hut it cannot happen until the Icinetic 
energy of matter^ the energy of motion, has been umv-arted into 
rndiaiion and transferred to infinity, Such a tranafer of energy 
appears, in fact, to be gobig on. 

A study of the motions of the Tarious ftfigregates may be cspccted to 
throw some light on diis question. We start with Uiu smallest par¬ 
ticles, electrons, for ejtomple. In addition to random motions caused 
by colliainns with oilier particles, oil ulectrous are supposed to siiin. 
Hiey may he thought of as being like tops which never mu down. 
When Dll electron helps to form lui ntojn, in ndditiori to spinning 
it also revMlrcs about the nucleus, just os the earth revolves about 
the Bun, TIh< aggregutlaiia of matter between atom and earth on 
the dingrara of figitre 1 may have various kiuda of motion but when 
eartli is reached wo again have tha spin nbont an mis and tbu mvolri- 
tion about the sun. Our sun, together with all the other smiR in its 
group, foiTUE a nebula which spins with high speed about n central 
mis. Tim spin v^Iodty is verj high, but tlie size of our nebula is 
so great that it tahe« about 2 itulllon centuries for U to make one 
revolution. As Shapfay puts it, this is the time ref(iiirctl to “click off 
one cosmic year.*’ 

Tlie motion of the supcmebala is not known in accurate detail, 
It b pofislbk! that soine sort of gigantic spin is prc^iit licre also, hut 
»o far such u splti iiaa not been detected. Instead, u very eur]7rislhg 
Wirt of motion has been diBcoveted, u motion which is just contrary 
to w‘hat we expect if matter is to agglomerate into one hig Lunch. 
The supernoLiilae appear to be receding from ua. The aiiponiebula 
to which our galaxy belongs maintains its fixed dimcnsIonB;, and be¬ 
haves more or Isss aa a luiit, hut all the other siipomeiiulae tippear 
to be flying away from oure with high qoaeds. Tim farther away 
from us tliuy arc, liie faster they eecni to iiscede. Tiiere seeoiia lu be 
no good way of fiplaining such a phenornentm. One might asaunio 
that 9 . primeval explosion etnrted all mutter out in all dinictlona 
from an originni conoeatration, but there are fierious dilUculUea 
inroired in Boch a theoi^. 

The whole question of tlte expanding imiverRe U definitely eon- 
iroversiat. Tlip con^uctices of accepting or rejecting the rlicory 
am so groat tlmt it will be worth while to review briefly iho evidence. 
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Swppose tho lights of n very distitHt city aro ohaerv^t! at nigJit 
thiongh o telescope. The wrioua apots of light ail look much &Iiko> 
However, they arc not all the sAme in chancter. Some nuiy bo csitaed 
by incamlesceni lamps, some by newm signa, eottie, perhepa, My be 
duo to the newer Qrpe of yellow sodium lamp Ofied for illtimiimthig 

highways. . 

W© now put © glmsi prieni iti front of the lolescop© objective. Toe 
tdcecop© must be deviated sidewaye, if we are to see the inty through 
the prism and the teleecope. Whim we do flee it, each spot ot light 
appears to be smoured out into a bamt of color. The colors present 
ia eadi spot of light are Bopamted and spread out and we can see 
just wluit colors are present in tha light from each source. The neon 
signs at© by definite colors in the orange and red; the 

fiodiutu lamps can bo recognized by the fact that only ono color, 
yellow, m visible. 

If we were to photograph the U^ta of an enoiraoua aty from an 
enormous dUtencs tb© whole city would appear as a small, lupous 
spot. The prism would smear out the ficparato lights of which tha 
spot i$ composed, but they would all Im fioperpowd in a single 
smosnnl apot for the whole city. However, if them vrem n largo 
number of sodium lamps one point in the Muear would be brighter 
(Kfin the rest because there would bo on cscc^ of the yellow sodium 

light, ,, - L 

A nebula, consisting of milliotis of suns a long dtstanca away, be* 

haves liko our hypothetical city ercopt for one small difference. 
Light from a sua has dark absorption lines or bands from which 
color is missing as a result of absorption in the siin*B atingsphere. 
There U a dark line in the spectrum of our own sun, corrosponding 
to absorption of hydrogen in the mm's stmosphore. This dark line 
always appeara at the same place in tlio spectrum no mattor what 
Idnd of a source, and always means that hydrogen is precent. Dark 
lines appear m the nearer nebulae about where t hey should be in ih® 
spectrum. For the more distant nebulae, however, they are shifted 
toward the red end of the spectrum. 

Tfaofo is only one known explanation for such a shift of a spectral 
line. If tJic source » moving away from an observer the light r^ 
ceived appears redder than when the source is stationary. This 
phenomenon is called the Doppler effect. It is a matter of common 
experience in the field of bouikI. The pitch of an automobile bom 
la lowered as the born passes rapidly by an obeerver and recedes 
from him. 

The photographs of the nebulae show that the hydrogen absorption 
ILnfl ia ahilied farther and farther away from the normal position aa 
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tht pictiirfej go to mnro and more distant, tinbulut}. Tfie nmotttit of the 
shift gives the velocity of i-ecesstnn, Ataiiy ifehuJm' hovo been ob* 
sen'od and tho conclusion is lonchcd that for cv«iry million light-years^ 
distance from ilie variti ihe velocity nf recession is increased by 
about lUO per occoikL Tlie farthest nehulcu' obscr^'wl ure flying 
nvTJiy from tas with » speed of about Sd,()00 inil^ per second, 

li b well to weiglt critieuUy the evidence fur results tihe titeae. As 
regard*^ estiniatc!^ r»f nebular rlietotices, the methods used hy ustrona* 
mers Seem entirety Adequate. In the nciuieat nchula iitdividuol stars 
can be seen. Some of tlicse sstara fluctuate in brightness with a periorl 
of duTs. Siiiiiltir stars, known ua Cepheid vuriohle^, are found in 
our own nebula, and tJic diataucw of a few of them have U-eu deter¬ 
mined by ordinary eitgiticcring incthwiA. It It found that thkrse stars 
an* all of ftbuiit, the flame sisef An Ihnl if one Cepboitl vartahle is iiiucli 
fainter thnii nitntlw'r its fahitnesc; mar be attributed ^Idy to its greater 
distath'p, 'rhe distance of the nearcbt nebula can thus bn deteriuincd 
with considerable uixnracy by cnm]>aring the brightiiesa of one of lia 
Cepheid variables with the brighijiefis of u similar star m our own 
galiisy—a star whue« ilistance boa been meomiietl by reliabte met bode. 
Having a good estimnle of tlie distmice of oiiis nebula it ia legitimate to 
infer tlmi other nehnln of tin* . same type are fainier and emnller only 
In-causL* they are farliier away. It is thus possible to estimate their 
distances. The results of the»e estimates might give occasional large 
errors, hut when a ^eat number of observations are mode tho indi¬ 
vidual errors must average out fairly well. 

As regardrj the Bliifi of the ahsurptiuii line Unvard the red, a gtKHl 
numy attempfs have been made to nsplain if- in some other way t Iibii 
by the Doppler cffi'Ct. So far, all these altcmpia have failed or eii- 
counlere*! Utgical difficulties. During the last few years, however, 
certain eviticneo hna act-umulated which has brought about, a para- 
dosicai situatinn in the theory of ihee!xpaiuiinguiiivcrE& There are 
some vciy serious objections to the tlicory. First, let us suppose that 
our etcplosion hypothesis is more or leas m accord with the facta. After 
all, if tJio nebulae are now ohsorverl to Ik* scattcrhig they must at some 
[ireviouit time hare liecn .moro closely bunched. It U not diffietdt to 
calciilatn how long ago it was wltoij iv nebulae were all together imd 
touching each other. TVe know how far awoy lliey are now, wo know 
how fast they are rvet'ding, and how ihcir velocity of recession varies 
witli tha distance from us. Thi^ data enable us to calculate the time 
when they must have started. Acctmdiiig to Hubble, after all cortve- 
Liems iiaw hwn made this starting lime was about 1,000 million yeara 
Hnfurtmiatid^' this is only a fraction of the age of tlie eartli— 
imieetl tlmre b evidence that life actually cjcisied on earth that long 
ago. It ifi difficult to set* how our earth coiiJd exist in ite present form 
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■t ft tUu« when nil nmttfer in the uuivmse sras a^^mblcil anil readjf fnr 
ft coMiiic hJow-oul of such trtnientlotis proportions. 

So ninth for objection numher one. nie eecontl objection anses &s 
foltow& When 11 Eoutw of light iiiovia nway froia an obeerveir diere 
are two elfects pnHluted* 'i'be Uw Doppler has bean 

mentioned us u ebnnge of color, « rcdilcning of the light, A swoncl 
I'flect is ft JecccftBe of brighiiii>ss, known as the ‘^diinimng f«i:f.or." II 
ia tmsy to see why n light should (ip[>eftr to be dimmer when the source 
moves ft way fman the obwrvcr. SnppoBB n stutiomiry miidiiini gun 
ts firiiig huUula at a ftied target nt the mie of five jier second, 'nicn 
every second fiv« hulleis hit the target. However, if the gun is moving 
awnv from the target, still Bring five shot-, a second, there will not he 
five bullets billing every as-wnd. Tin- hidlel dtediargcd from llu- gun 
fti the end of a given a?i:oiid will luivc litid to i mverse a gn^ftlcr disumo; 
tliftu the bulhjt wliich wus fired nt the htginniiig of tin- iccond, so ft 
will take a lunger time to rench the target. Perhaps only four huUftta 
will hil the target in one ‘jeroniL The exirn Imlkl Ims gone to fill tlw 
extm spiiw in liw bullal fitreftm—the evira simro ewnted by the reces¬ 
sion of I he e«tn The cose of « light aouree is exactly aiml^i^ 

Now in estinmting the diemnee <tf a in'buk m brightness is taken »3 
s criterjofu of the dietanro. The quest ion nriiiEii aa to whether llio dun- 
mine fftclur should lie applied when mnking the distance eatimstefi. 
If tlw nebulae are ncttmll v moving iiwny from us then the fucinr mttsi 
cortoinlv be applied. If the rcddenii^ of the light ia not CBiwed by 
ft velocity of messlon then the lilmming fuctor must not lie apphed. 
With Buch tremendous apeeda of retesaion tlih: fnetor makes quite a 
big differejiro in results. 

The following dwcui=sion is very largely quoted fnnu (he 
SicTUJt Xi lecture delj'-ftred in Dewmlier Um m Dallw by K P. 
Hubble of llie Mount WiL-mn Obfien tiiory. Ur, Hubble is one of Uit- 
world’s forvmtflT nuthoritira on the suhjet-t of nebulnc. 

Let UH first, suppose that the nsldening of the light is not cniiacd by a 
volocity of rectssion. It may be due to «nne liilhetto undiBcovered ond 
unknown phoiiomenon, MV can tlum estimate dnrtnm-es any 

dimming fftClnr and a aiirvcy can 1# made to liiid oitt how Um rmbiUiit' 
are distrihul.'d throughout (he region of 

runte of view. Such BiirvvV's Imvo beeti made nt Mount W ilwm and 
Mount Hamiltmi, out tti n dislancv of 420 milllight-yrora. ^ta 
have also been obtaimid and annlyswl at Harvard and the net result 
indicates a fiiirlv utiiforoi diatriliutiou of imbulae throughout the 
ob^rroblv rvgioiis of spare. There -re, on the arera^. Just ^n^y 
per unit volume at great distances na m the imincdiate mugliborhuod 

of our own iftowp. 


174 AKKUAIt JIKPORT SUtTGaONIAN I;^f5TlTUTJ0^^ 1944 

This result is intetlectu&Uy very satisfactory. In faotj it agrees 
ivitli a fundamental principle of coeroologictit theoryt s principle 
which has been postuliited by tUeorUiLs for no other reosou than its 
appeal lo our eeuso of order and the fltnoss of things. Ttua prindpb 
states that the universe, on a grand aciUo, will apiieur tnucli the same 
from whaicviu' position in space it may bo vieivcd ur esplored. This 
principle of cosmology is satkhed, tliurefure^ if the nebulae ore not 
assumed to be jteceding. 

We next iiiveHtigate the consec[uences of assuming tlie red shift to 
bo due to a real vdooity of recession of llio nebulae, Tlie dimming 
factor must now be applied in estimating diatouces, with the result 
that the most distant duster is actually about 13 percent fainter than 
il wmild be if it were stationaiy. The wBle of distiinces is >tius 
altcnHlt so that whmj we make our space survey to fine] out how tlio 
nebulae an? distributed it tnrtuj out that they are no longer ECaltcred 
tuiifetinly. Tlie number per unit volume increases steadily with 
their distance away from us. Here la a result which is iutdloctually 
very distiuieting. The cosniolegicnt principle of no favored ptwiiion 
is viola We might bo willing to acsepi iliin violaiioti if it wont 
the other way, Oiai is, if the density of nebuUa doercosed with dis¬ 
tance. Thei) we would conclude, very Imppily, tiiat we haf] discovered 
onotbcrmjper'Snpergaliuty, another big matter bunch to put out on the 
right-hand end of our linear Jay-ont, No such interpretation can be 
given when the nebulae are found not to thin out at big rlislsncea, but 
actually to become more dense in numbers. 

It nifty seem obvious to the layman that w* ought to diflcard the 
idea of on expanding univptSiE!, It mokes ua worry ahout the abort 
time which has elapsed since the original coamic eiploBion occurred; 
it bothers iis with an mcrvaoiiig denoity of matter as we proceed far¬ 
ther and further into the depths of space; and the only BTidence wo 
have to go uo is n series of pictures, rather hnry, smeary pictures, in 
fact, with a light patch shifted too far to one side. 

The physicist and Ihe astronomer, unfortunately, (wnnut treat these 
fujtiy pictures in such a cavalitir man tier. There ia no denying tlie 
rjciatenco of thv idiifted light patch in the pictures, haty though il 
may be. There is no denying tho fact thiit all anch sinular shifts of 
color bava been explained satisfactorily by the Doppler affect and by 
the Doppler effect atone. One is reminded of the aayiag of tlie old 
colored man, whose years of experiimm liad developed a certain rip« 
philosophy of life. '*Ii. ain’t m much whnt you don't kjiivw that gets 
you into trouble, it’s w'hal you do know and ain’t so I" 

*1110116 are several wayi^ uiorir or leas unsnl is factory, of esenping 
fntm ihe dilentma of the expanding univerBe. The first way b not 
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ft gtKHl wft}’, but like tkluir escnpist philosophita it mtist be coiudtt- 
ei'ed and estimated for ’wUat it la worUi. It IiitoItes apalial curralure. 

llie uien of itirved space is no^ qujto a familiar idNi to moot 
people, Eddington, Jeana, Einstein, and otl«rs bare trrilten Ixmka 
for popular consumption and the aalea iiavo been Tory grati^ing. 
Even iJio pulp magazines do not bestate to inrote the fotirth dimoii- 
aioo as a mode of escape fur the Ijero or tlie TtUlan, A. simple way 
of approaching tint conoc|it o£ spatial cut^'ature is es fuUowe. Think 
of a straight line along one dimeiiHiott, QSren a second dimenaioii 
at right i»ngl« to tlie first, tlien we hare the poaribility of c^ing the 
Una into the second dimension. Think of n plane surface, like ft sheet 
of paper flat on a desk. Given a third dimension, at riglit angles 
to llie di!sk, wo have the jKisihiUty of curving the paper sheet into 
this tliinl ilimenrion. Think of a solid filling three dimensions. Gire 
ft fourth dimension at right angles to the other three, wo then bare 
ft possibility of curving the solid into the fourth dimension. It is 
only because wt> have tlireeHiimenaioual minds that we cannot eeo 
this fourth dimension. 

A matliematician may speak of space itself as being curved without 
reforonce to nny solid matter in it. For exaiuplo, consider tho eartl) 
to 1>o perfectly ^uolb- If wo were two-dimensional creatures instead 
of being (hree-dimcnsiotialT we might draw a big ciruto on tlio earths 
surface, tneasum its diametor riwI its circiunfcreuce, end then find 
that the circiiinferonce was not equal to » times the diameter. We 
would not know tJmt the circle was not flat (am™ we are aasumod 
to bo two-dimensional) , but wb oocld certainly infer a curratum 
of 4 iur flat space and oren detormlno its radius if wb knew enough 
abonl ordlnar)’ Euclidean geometry, which would work pretty woll 
for small circi™ on the earth's surface. 

The maUuunnlical description of the universe to which aUumon 
was made at the beginning of the lecture involved curving of ll^a- 
dimenflionii! space in somewhat tho same faaliion aJi described ohovo 
for the two-dimcnaional space. If space actunlly is curfM in this 
wav our ordinary eohd geometry, EuoHdcan geometry, would not 
bo quite cortwt. In order lo find out whether it is cmroct, measure- 
menta of certain kimhi must be made. For oamuple. if a negnUwa 
parallfti could ever bo obi^rved for a single star, a sphorjcally curved 
apaco would bo implied. 'Hie miitbematiciaii Schworzschilil, a go^ 
mftnv years ago, nttempted to find what curvature of space would 
be tioKSible according to certain types of non-Euclideftn geonietty. 
In dealing with these geometriia he said, ‘“Onq there finds oneself, 
if one but will, in a geoinrtrieai fairyland, hut the beauty of this 
fairy tale is that one iloea not know but tliat il may come true. 
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Scbi^'arzschiM's results need mU bo cunBid«red here IwoRuae hts datR 
ir«re limited and Ijecmise ite Juiv* nL pitsseiU more clotailod modes of 
proraliiw thitn he Thi^re Jiro iit ls?ASt two matlienjalicmns who 

Imve Bchieved the lujiqiie diathiction of having a tHihT?rsp nmed 
after ihpfii. Thi^y are E’lmrteinT and a Ehitchmiin oameil cie Sitter, 
Both iiiih-ersiey arti non-Euclidean anil live Ei^urteiu imirerse appeura 
to ho tlie more popular, Tlie cuTmtiire of thf? Einstein uniTem is 
detenniiiiHJ by the omuunt of matter in it* and if It is not a static 
tmlverse, by eerlflm otliot A chunk of uiatter produces qnito 

a largo local emraturet wlijch k evidenced to us by what we call 
gravitational aUmetion. 

This tusivet^ is %\ot infinite in extentp It is a dosed universe with 
a finite Tolume but having tin boundaries^ juftl as the surface of a 
sphere is a closed surface of finite arcfl yet has tin bounding edges. 
In this universe one might expect to see a star in two ciitoctvoiis^ fir at 
by Iwldng dirtjctly at it* second^ by looking in the exactly opposite 
direction at ligbl. rays wbkh have gone completely amund tha dreoit 
cfI th^!- uuivoree in the opposite direction. Star images have not been 
tfccn hi this way^ inwsibJj Ijcciu^e their ligJit is \m faint after the 
long trip around the iiniveree. llicm is tdm iJie poyssibiUty thiLt the 
theory is wmng. It Um, however^ been p^riemdy ?tuggesteci that two 
very famt nehiilae* obs^erved in a certain diriKrtioiii may nctually lie 
tile hacks nf two of otir iienri^t zieigljb4>rF, us scon the long way 
ftruond. 

Tile tlieon' fif n finite, closed univerw k very atlnictive in many 
respects We may again the term "intdlectiially iialisfadory^ 
in UiiB connection^ largely Iwaii^ this universe can be given a concise 
niHlJiejiiiitica] deircriptiijn and h\ term^ that explain tho gravitationa] 
effects of matter. There is ako, in many individua1s> n definite 
repagnanco to iJia idea of infijiite apace. In diecusaing the stars 
Kant, in LTM, smys, ‘Tlipre iii Iwne no ojid. but au nhyss of real 
immenfiity in presence of which nil Ihe capnbllily of human concept 
tion sink& exhaustedi^- I1ie finite mind Uke^ in M^t up a blank wall 
eomewhcnE't in older toemi it all. It U pmbnbly inteUmuiilly satis^ 
factory to know that one can stint out in imiiginntjon and not have 
U} get farther away forever and over, hut will cveniuolty get back to 
the got>U^ old* familbr region of the Btaiibjg poiriL 

With this picturo of a finite, closed universi' in mind we miiy now 
roltim to tho ^pieatjon rognriling the nebulae. Why sjliould they 
apjicar to l»e crnwdnl Ingether ut great dbtatjcrs from u&! The 
answer tnigiit be that the cun'ntUfT> of epaca appears to make them 
crowd into smaller and hinaller volumes as their distance increa.%aL 
If tliie ifl true it is ix>a3ible to calcutaie wb»t radjui of curvature of 
the tiniveise would give the obsiirv^ed apparent crowding of tliu 
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ncbuta«^ at great dutaiu^ Siidi calculiitipiis bave bean ni«i(l« and 
tJio uni versa tnnia out lo ba renuirkaMy sCQuiU In faiM^ it e*> 
flnm ll that our largest telescopes would allow tie to see about one-axlb 
of tlw way amuiiJ it This small universe is rwjjuinsd in oTxter to 
i‘xp1am llw apparent nouunifonu disiributioii of tlw nebulae. How¬ 
ever^ if wc ralculate the raiiius of th# imiversi} in tliis way we are 
obligati to have only a oertaiu amount of iimUer in il, auice, acettrdmg 
to £iiUiteiRt the radius is tietermined by this total aruouat of matter- 
Hubble hos made mrwja Uy Find out wbetlwr (be ol»wrved amount 
of matter will 111 in witji the radiini us dptvnnined above- He esti- 
wHiim that if all oWrvabla atara and nebulae were smeared out 
uniformly theri' would be a masiniuiifi of about one hydrogen atom 
[Xrr eubic muter* This deiisily of matter is far too small. In other 
words, there is ntrt enough matter in the utiivetw to give it a curvature 
great enough to spread mit the nebulae uniformly, llie theory of 
tiurvniuru of epiicc liiUj, Therefore, failt'd to resfllvB iho problem. 

Another way out of the ctik'immi is to suppose that tJie ohaerva- 
tioiis of the aiitroiioinicra a re In error. Here is what Hubble has to say* 

HivtSL' uaeatloiiH hurt been enn’toUr reetntnVneU aarlaa tew jiuira 

Tu]'Lr>Ew iuliii>r revlPlmi* havf uujiK lull (lie emt wwilt* fMiuiUi subsiau- 
llallj- onrliHiiaHl. Blr (be iiniwI crllerlji vr ermra ibu datn seeni to be 

MHtb*letHtr cumlstent ter ihitlr purjitwe. SuterOieleffl, (he eporatlsm «r® ilell- 
cm*, oial 111*- nUMt ■UEnlflcaat ilatB «re fpiuUl u™r tlie llialta <<* itm greatest 

icleSLiqiua Culler meb i^ndltlon* It la alw*r» roalWe llwt wsults imx I* 
nffeeitwl br bWden hiatomjitlc c*rr<*ra Uthouijli uu mietfaatiua <*r iueb wwota 
bas l»e*m tonhU. the t,.,**ilb)m7 will oadl lureetlcutloni euo be repeatat 

with laijMXjwiI !isehjil(|iMa mu'l juitn.' itowerliil teluswpes. Ultluioiely ilw ptob- 
K-Ui ibuula ln' beyoLd 200-1 iicb rediwtor di’Sllmnl l« 

rttlouuir. 

This telcsvojH- will have altont twke the nuige of the best one now 
ill use. Work «n it boa been stopped by ihe wur, ao it is im[m!ssible 
ID ptedieL just how somi it tain bo put to work on this probhim. 

TUo Just way which may be Higgestod for etwaping from the 
dilemma is to auppoae Lhiu. in the region of lu-t mnomical maguiludes 
Mima new pritietplo of Rsture is ojicrntivcH-iStime principle which we 
have not yet diswovortMl in the ordinary macrosenpic lield- Such a 
priucipb would have lo free iiw from tiie mawsity of using the Dopp¬ 
ler etfoci, and we would no longer have to say that eaperi^ntal 
observation shows the utiiveree to be expanding. This new* principle 
wouhl, tJiti;fi*fDre, huve to eijdaiii why iho light from nehuhie geta 
redder and reddi'i- 1 « it travels greuler and prentwr distances. Per* 
hape li|:tld which has Ik'cii (raveling for 100 million years in a straight 
limi exhibits its J^nility by a decreai* hi the fr«i«c>icy of its vibra¬ 
tions. Wo do not know of any jiossible reason such os^lhia why old 
light aliDuld ho different in any w»y fmtn new light, The only place 
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fnnij wiiicli wa can get rtullj old light ia from )lut distant itnbulae, 
84 our chances of cstnblishiug bjr cxpennioQt a new principle of 
phj'sics like tliis bihuus ut preset it to be inToIved in a Ticioiu circle 
f rom which there Is no Gscap& 

It eppeare, therefore, thal our knowledge of the structure of the 
uni versa at Uie limits of tiia aatroaomical range is unsatisfactory. 
We liave to racoguiae that tJicra ore discrepancies between theory and 
exporimenta] obsarvndous. Hubble says that *^0 clioice Is presented, 
os once before in tlie days of Copcmlcns, between a strangely fimoll, 
6 nite universe, and a sensibly ioflnite universe plus a nuw principle 
of nature." 

^^"e may now go bock once more for a comprebenaive view of what 
we have called t!ie linear lay-out of the universe in figure U The 
three eomponentSf or variables, were assumed quite simply to be space, 
matter, and Ltmoi At the right-hand end of tlie scale we liave become 
embmiled in some rather questionable speculations regarding the 
nature of space and the behavioi' of light. In this region, where a 
ligtit<year is the unit of dietonce and a nebula the unit of moss, wo 
have good rcaeon for suspecting that the mediauics of tho universe 
cannot be described or OKpiatned in such a simple way os in the region 
of milea and mountains. 

Peculiarly enough, if we go from the enormously great region to 
Ltie extremely small region, tlie region of the electron and the posi¬ 
tron. wc encounter ^milar difficulties. You will remember tlmt Dar- 
row dmractcrized die microscopic region as unique because '*of the 
adventurous excurvious of tiio gbservors," and “tlio grandeur of Uio 
itiferimcts.*’ One or two of these inference and excursiona ntoy bv 
cited here, and it will appear that (be almplo concepts of space and 
matter imve euflervd in the microscopic field in much (lie fsamo way 
that they have anffered in the astronomical field, As the result of 
investigations in the field of tho amalj particles it has boconjo ncoea- 
sary to brimden our ideas as to the nature of matter. Cloud-chatuber 
pictures have allowed m practically to see two partidea of matter 
created in apace from the energy contained in radiat ion, 

TliD thing tliat happens b that a photon, an atom of radiant 
enetgy traveling with the speed of light, eomehuw gets itself into a 
poculiar sttuatign in a microscopio field of some kind. The result 
is LimE LliiO photon changes into two particlejj with dectrlc charges, 
u pofiilruo and on electron. 

In the luacrnacopio abe range an equivalent phenoniGiion would be 
for a quantity nf sunsliitie, piiaing by an iron ball, to dmnge sud¬ 
denly into a rouple of buckshot, 

Needles to say, no one has ever seen anything like tliis liapiwn. It 
is only when sizes bccoom so small ns to prevent direct ol^rvaiion 


grHUCt 'U K E or tub OKIVEIISB—HEAPS 


170 


that the cwit occunt We may wwll nay that iwjmvihing peculiar ja 
going orv ill the tnicroecapic BcltL Somolliing is happening which is 
foreign to our ortlinary eiperience. 

Technically lids phenomenon is known as pair proiUiction by a 
pliolon. Tlw revorae process, convewdoji of maitet into radiataon, 
can occur when an electron and a positron cocoa together tpder proper 
conditions. They disappear and two photons of radiation are shot 
out with the speed of light in opposite directiom. 

Matter and energy con now be tiiought of as practicaliy synony* 
tnous. It ttius becomes posaible to make certain grand inferencee 
with the object of saving tha universe from running down. Mlliions 
of suns are slowly but surely converting their matter and their 
energy into rediation and this radiation is constantly escaping into 
infinity. Perhaps tfomewhrre in space radiation may bo dmnged back 
into matter. Perhaps the univense is engaged in a rovereible cyclo, 
instead of an irreversibls one, as is commonly sopposed. 

As on illufliration of what Darrow eaills an “adveninroua mtcuraioa" 
of an ohtajfver «* may take the Dirac theory of the positron. Dirac 
ta a brilliaot young Engliahnum, a malhematiciaii who hea demon- 
Binated a high degree of daring and originality in hia handling of 
theoretical physics. 

His theory of the positron starts out with two peculiar B.-®umpt!tnia. 
First, a particle may lisvc a negative kinetic energy. Second, all 
space is filled wiiji pjirticlea of negnlivo Idnetic energy. There is a 
dUitribution of electrons of infinite density ovstywlirre in the world. 
A perfect vacuum is a region where all the stiiies of positive energy 
are unoccupiK^l and all tliooe of negative energy are txKupied. 

When an eloelmn, by Bome meana or other, geU knocked out of 
this state of negative energy into n state of |*ositive energy, U is 
observed ss an ordinary slcctron; tbs bole which was left is i 
positron. This bote nniy wander around for a short timo, but tiiero 
are w> many more electrons in the univerEe than holes that it is not 
long before somo electron drops into the hole mid both bote and 
alection dioapjiear from tlie view of normal pooplii. The very short 
life of the positron is thus esplainad, aa ts also the phenomenon of 
pair production and the oonveiBnm of matter into radiation. 

I have given this hasty outline of the theory, not that I eipocl 
anyone to understand iV—it is hardly to be uipectcd that negative 
energy can lie understood— but becausfi it illustrates the l«n^ to 
which a theotist has to go in creatiiig physical axplsnation in this 
Bvld. In the mictwcupic tango of &rxe a quite perfect cxplumtioa 
of things is given by a Bpocialiwid tyiie of matliemaiioa called wave 
Ii is only when this nifl tiiematical symbolism b eiplained 
in lonns of physical symbolian that ws call it on adventnnouB 
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excuntmn. Dirac siIiowmI coil rage in even trying to give n 

pliysica) picturi* of hiit iiiithuitHiJcii! theorj. Tlut fact, is Lltai in 
tlia microscopic field tilings maj fa^bavo in a way entirely foreign to 
(he wnj in which we have aiwnys seen large objects behave, hence they 
cannot be vxjiIaiiH’d in the old familiar ways. 

There is in most jwopSo a strong lendency to label as **bunk" that 
which is titit imrkrstood. This teudency is, on the whote, a healthy 
one. Skepticiant is preferable tti i'reduljty if one is thinking in terms 
of tiw strtigglo for eiLstencfi. 'I'lie radio listeners who bcltevG all the 
remarkable statements made alMiut cougii syrnjts, breakfast foods, 
dgarrtttss, etc., must certainly be si niggling very bard for oxiptenee. 
However, skepLicUm based upon a lack of understanding is a danger¬ 
ous attititdo of mind Prof. P. Drtdgiiiaa of Harvard 1ms this to 
say in liis buck. ‘^Tlia Tj^igic of Modem Physira”! 

It b ttmicult In iMiia'h'v un^lilna iihirr twli'ntincjillj hlj^thtwl than to [xysiulate 
ilut alt iwsaliile rxiwrlTTurv MHifjimn lu tb*' mim' iyp<' an rhai wtlb wnlttli nv 
aw aln^iJj ptculllHr. aiul itiFirfori' iti ilistuiml tlial iaptaftnlloii* tiw* onlj elKcuti^Tn 
fatulllar la Su^'h tuL nttltmlf b^sjicitks ub ualumciaatt^C' 

ihfiia, n tnt^ut pblusenece auit nrltetfnsev wliicb ml^it l» raiwtfM to Cave 
(>ahiimtpd itirff [HTBamotbt JtiutIUtpUkih at a Inmjr iilacit' of mentat actlillr. 

The cxpluniitLOn of inhrro.'tcopic phenoriienii, llieii, ntilizSft concepts 
which are tint fainiliir to everyday experience. For ihnt rea&on the 
itiU'toscopic leiida in tmdermtne any eniiig cotnpincency we may have 
regarding onr tnoo’ledgc of nature and the uni verse. Tnlrc, for 
example, the Heisenberg uncertaint}' princtple. Tins principle states: 
that we can never kuow ac-vurately both llio puKitmn ntid the volucUy 
of a miall particle. It is easy to jsee why Ihia is true. Wo can ssec the 
arnaU particle Ijecause light has bounced off of it into our i»yc, Wc see 
it in tlin direction from whrdi tJiP light bounced. 

But the light, in bouncing from the particle, must have given it a 
push so tliat either ii« poeitiun or its velocity will have been changed 
by tho mere fact that liglil must Iw used to observe it. By the i ime the 
light photon gels to the eye of the observer the particle will not be ni 
exactly the spot from which the photon appeal^ to bounce. 

Tins uncertainty principlr Ins been given an exact mnthcTimtica) 
fomiulation. It turns out that if the pisitiriii of an electron is known 
to within (UKM inch then the speed of its moLioti is uncertain to within 
about 3 feet per settmd—the speed of n slow walk. 

The tendency, tt first, is to consider this as rather a superficial 
prinetpfe. 1 can easily imagine a particle to have both position and 
momentum aimultaneoiuilyi why botlmr so much aimut n niochanism 
for clctermining thenif However, x thorough stwily of the aittiaiion, 
with an analyib of every conceivable meana afforded by naiutw for 
making determinations, impT«ses one with a feeling that hero is a 
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conspirnc; of naiuro to prcrfaii man from acquiring too mocli detailed 
informution. A eoitapiracj of nature ia n bw of nature} wo cannot 
pose it over being of no unporlance. It ia os if nature bad erected 
a wall of impenettability anmnd tbe finitillesfl [furtides and forcoH] ua 
to veo tlium only partially, ns if iluougb llii! crncki^ in the wall 
It {tpftean:, therefore, that we are iisskirig a iiivnnuigle-^ qutwlion 
when we ask jiisi wbero nn electron ie when it bus a cenain dtifinile 
monientutn. No possiblB oporation can be thought of b)' wbicji an 
answer to this queaUon can be obtained without violating a law of 
nature. The conduoiou is that the electron coimot have on exact 
vbtocity and an exact mujiientuin aiiDUltaneoudj. 'Ibere is an essen¬ 
tial fuadiie^ ill the very foundatious of tutluro Uerst'if. Time and 
space arc n little peculiar in tile micniscoptc regiott, most c^^rtaiuly. 
Someone has said that “the infinite, whether the infinitely large, 
or the Infinitely amall, seems to curry disaster in its woke.’' I do 
not thinlc the word disaster Lb happily clioeen in this connection. 
It is true llmt the two iiiflnitiea at cithsr end of our linear lay-out 
have shattend llm beantifuh oryetul-cleat tneobonkal aysieu) which 
described the universe during most of tin: nineteenth century—when 
tile tuudniferous ether was os delltiitely iiiulerial os a pioca of iron, 
and when n scientist oiiuld say that practically alt piojieer research 
in physlca was over and nothing retnained except to measure things 
with increasing accuracy< This eioinplaccnt attitudo is fortunately 
gone forever, and tliu iwn iiiflnitijes have bud a groat deal to do with 
its disappcsrartce. The new problein^ presented, tbe paradoxes. Lbs 
miivirtoiiitits. all combine tn give tis a picture of uiodom science 
oncv more struggling, once more growing. It sccine better to change 
the quotation to read- **Tho infinite, whether ih* infinitely large or 
iho infinitely B'Cina to have carried renaissance in its wake” 

In summiug up the subject we tnay say thai the small part of the 
universe, <iiwn to Bvcryday experience, has given us a eiii]|)le concep" 
tion of natnrv, a simple bmly of laws, which hmuis unobta to cope 
with problems either in the region of the. supertiahulaa or in the 
ixgtou of the extremely sumll xmrticiBs. 

In the latter field we have found that, pnj[Jorly s|»takjng, desenp- 
tlona of phononK-im must l»' mainly nialhematieal. Such dcscrip* 
liotut are quitt) adequate at present, and wc feel that the main prob¬ 
lems of explanation are well in bind. But we must bo careful not 
to extwrt. the eame triio of explanation that is used for objects of 
orilmary sixe, and wu must remember tliot here there is n certain 
indefinitoness of behavi<»r. We do not say tlitt. a smalt particb can 
nriw get over a high kltl wlien it dcses not have enough energy to 
carry it to the top. We vny that the probability of its getting over u 
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emaU. It ictuillj bs« a small probabUity of doing tb« job with an 
insufficient unoont of enurgy I 

In the r^ton of the'supflmebulao we art at present up against a 
paradox. IVe niv at iibeiiy to suppose that space is of a peculiarly 
carred character, or that it goes on to ioBnity; that the supemebulae 
arc ftyiag away with enormous Telocities, or that sumo unkn own 
principle of nature is deceiving us. We may be affected by a feding 
of futility because of this state of affairs, and even have a ^ipathetJc 
feeding for Su Ambrose, who in A. D. SfiS wrote; 

Tn dlwtns U9« nature of Ui« oarUi docs not betp os Is our hopo of Um Ule to 
come, tt IS sDDOsh to loiiow that gcrlptnre states tOat He bucf up the oarlb 
on nnthlng. wbr nrstis wbethsT He buna tt up In air or on wnturt The 
lua|(!atr of Ood eooitmJiu It hr ihe fanv of Hts wllL 

The spirit of modem science is not in ograement with SL Amhrc«j 
and is not to bo disoouruged by apparent contradictions. This spirit 
dmiends ountinuol arguing and speculating ^ to how the univerBO is 
hung up. Certainly wo wiU el ways see ae through a glius dorldy, 
but just os ceruiniy we will always keep on trying to polish the 
gloss. 


t 
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ludustriit! ecionca at w*r is dispmg s world. Wliile ths bat¬ 
tle Uite* of the United Nations encircle the Fortt^ Europe wd tlie 
ol Tictory tipfiten on the eaiGrny IQ the PaCihCir cm” 
lirsUon advances over clti^r to the postwar honEon. With Tictoi? 
will cotno ihtj Jay when the scientiSc insimnacnta wid processes of 
wer will turn abruptly to pence. Machitiea and tonljs, os well as 
industrial nnd «»nomic Uvinking, wlU be wmyerted quickly from the 
ikmaniL. of war to the needs of peace. Industry will bo ca^d 
to relievo Uni Btniins of war with nttooat speed by mlnisteriiifi anew 
to hnmui welfare, health, and comfort- Postwar planners arw now 
ai woiic in many fields of industrial endeavor, 

k is not new for AnuTican indufitiy to be liurveyUig and platui)^ 
for the iutun. That process ia aUvaj-s at work here, whether tUo 
world ia <it pQwev or at wur. Only by advanced thinking, reaearrh, 
<^iigiocKPiug, and continual piotusenng, can indufltrial science put 
new ideas into action. By doing thU, industry serves its worktre 

and UiH iicopK and Iherohy wins the rigid to anrvive- 

Imve byt to conaidet somfi of iho outaUnding wartime develop¬ 
ments of industrial wietice to realise Umir widespread applications 
in ail fields, from atiioniobilw to giant turVihea atid diesel enginea, 
from painenifl to lacainula and ttdovisicid. Endlasaly these adyancea 
citend into every realm of onr daily lives. Among the proinis«s of 
better living wo are told of new pin sties, light mclala, synthetic ua- 
tiles, high-octane gawlitw^ arliJicial rubber, liimawseanl lighting, air- 
condition iiio, dehvdratiati of fcwdstnfls, and many o^tr innova Uonii 
We even hear of gtas flatirons and plastic Icnsea. We are prom^^d 
revolutionary changes in homes, aircraft, cottuumijcati^a, e ips, 
railrosdB, automobiles, highways, clothing, and In mynir 

ways iho wartime inveniionB in elcctridly, nn^Uurgy, clieinislry, ana 
physics will ofien new gateways for indurtrial stdenco to enter end 
enridj our everyday life. 
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for the great, taodem art of radio, 1 can promisa jrou that ta 
H ^rvico to monkiud B^'cr^whrjo it vrili keep pace with the march of 
science and indust47 in every otiier field. 

Today is the umitexeuy of a historic event that provides us with 
a Umoly opportunity to review tlie lemarkahle odvonoea of radio 
within a (Quarter ccntiiry, to reflect upon ite vital role in the war, and 
U> lodt into its future, 

Twenty-6 >*0 yettrs ago this uoming, news flashed actws the head- 
npherea that Che first World War had luidetj, hi retrospect that day 
appears os a fleeting moinent. History lifted her pen and paused to 
dot the ^i” of an oiupty victory that proved to be' o>nly the prelude 
to a glohat war unpreoedented in fury, exteut, and destruction. 

In ilmt autumn of 1918, Germany's pleas for peace had revcaJed the 
plight of tlie Qertnim peopie, Oemiany woe cructdDg. American 
radio was entrusted to trammit to u defeated nation Presid^t 
Wilson^ Fourteen Points as a basis for the reetoratinn of ^lence, and 
for B general omiistico on land, on water, and in the air. Hodio opera¬ 
tors stood by for the nttewer. It come on the miduigtic air of K ovember 
11, w'hen silence in the “elher'^ over the Atlantic waa interrupted by a 
flash from Europe. At a. m. New York time, the news broke. 
The State Department in Wsohingtoa the Armistice had 

been sigued lit midnight, and hoalilittee would oease at fl o’clock in the 
morning—11 a. m. in France. 

There was no ladto broadcasting to spread the welcome wortl—"It'd 
over,over there)” 

Under tlie bimncr headline “Peaco ” Aiueriesns read the news ai 
their hreakfaet tu-hles. Tlio world was only a tuading world at thul 
lime- It had not yet leanted to listen. News sjireacl slowly in t91b. 
Altlioiigh twwcrfu) radio slteroatots relayed iheee tidings around 
(he world to tdiips on the Seven Seas, homes wnrv not yet radio 
equipped. Many days passed before news of the Armiatica filtered 
into remote hamlets end farms. War eQrrt'Sj>ond<!nts were eerthes, 
not eyewitnesfi broadt^ters; they had tlie pen but no microphone. 
Today news travels nt the speed of light, in ovciy language to every 
corner of the earth. 

In tliijBt' days tlu re were no globe-encircling short wares, no high- 
power racuum tubes, no utilvonai receiving sets. The mdiophoRe 
was just leamiiiff in talk. The eJectron tube had not jet revealed 
its power and Its unlimited posatbJtitles. 

The radio of that clay gave evcrylhing it had to win the vrar. Bi‘- 
search men and cnirimsors ruelied new devices into service to main- 
lain contacts witli the battle fleet, with die convoys and the American 
Eopeditionary Force in France. Although ships in the mid-Atlantic 
could sot maintain direct contact with American and European shono, 
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ihs tong waves of po'wcrful Isiwl stations swept scfoss Ujo sea anil 
linked Americs with tU Allies. War bulletins wovwi through the sir 
at the rate q( IW to 40 words a minute. Today, sliort waves anti lugh- 
speed automstic machines handle news al the rate of mote dmn 600 
words a minute. In the Fimt World Wtr» American nowspa^ had 
to wail for sliipa to arrive with the historic pictures of Pushing and 
the A E. F in Franco, Kow radiophoto «rTice can deliver ptetureo 
of Eiinhower and his forces in luly and MacArthnr and Ins troops 
in the South Pacific a few minutes after the camera snaps tj»m. 

Today, laigety hecaa« of mdio, >^ow York is (he conimamwtion 
center of the world. In 1918, it was London. During the firet Yi otJd 
War Hie United States found itself at the mercy of foreign c^rnom- 
rations. America learned the lesson then, that radio was the nerve 
system of war as wsU as of peacis. Immediate steps were mkcfi t*' 
rafecuard the fulurt* to give the Unitwi States snpromacy m world¬ 
wide communications and to make sure that never again would this Be- 
pnblic be dapendent upon the wave lengllis, cables, or wires operated 

and controlled bv other nationa, , l > •* 

As a rostili of this detemimuion, llie direct mdmtolegroph circuits 
of BCA now reach ftl countries in Central and South Amorn^ the 
Went Indies. Europe, .kaia, Africa, and Austr^asi^ Radmphot^ir- 
cuita oiwrate between New York and London. Slockbolm, Bei™, Mo!^- 
cow, Cairo, and Buenos Ai^ while the teminaJ at San Fronri™i 

eemB Hom4u)i3 rttid 

In this war. radio is everywhew^with eoldiar, sailor, nianno, 
and airman. Modem warfare has put radio in»l.mniuite into every 
iHimlaw and fighter pTane. into every machaui^Hl nm^ and t«Ui eve ,7 
ship. There were m> waikie-UlkieB or handy-talkies in 2fo-MBna 
laind, at Verdun or at Ihe Mamo. Tlio “ceaea firing^ order si^ed 
by Foch was sboiitrd and cairied by nmneto along the trench^, llm 
radio equipment of that day wm loo massive and heavy for more 
than a limited use in airplanes. Now compn^ efEcte^ ra< lo goes 
aloft with all plauaa; wave lengths are their life Imta. Coordtnflimg 
great aerial aquadron*, radio guides the bombers and ffwrms o 
fighteie over the targets, and safely back to ihe an;po^ *nie P^- 
trooper leaps from the skies with a miniature radio troi^itteMO 
breer than a cracker box—atrapped to his belt. Tlie artillery, 
through its radio, knows at all limes what die infantry wtiite, when 

it wants it, and exactly where it wanto it. , c 

These historic comparisons dmmatiae the great advanoes ma e y 
radio In a quarter of a century. Industrial acience and private entor- 
prise, frw and unfettorod, took the wai-hom electron tubes, the milio- 
telenhane, and the sliort waves, and adapted them to prwwful 
poTBiiita. Clues to what might he accomplished in peace were, how- 
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CTer, in tbo nir during' those Sn&t months of the first Wurld War. 
TViipji A siib-chtteer da^ed out to se& from a iwri In Maino, its raditi 
openitor roovtui a porUbte phonograph nc«r t<» His radUipHonts mimi- 
phone to broadcnirt * popular tvartima tuiie^ “I 5I#y B© Gone for s 
I^ntr, l^ug Timik^ From the Xavy atatiom at New Bninswich, X. J„ 
the “Slur Spangled Banner” was broadcast up nnd down llie coast, 
Tiiege were fotminners of (he day vvhen radio music from hundreds 
of stntioiis would encircle the globe. 

War imd repealed (Jial new insirtiments could bo made Brailable 
for maa» commimicatiou, THa time was oppurtiine and industrial 
scjenre was prepared to answer tJie chaUenge, Soon after the AV’ 
mistJC«, Arnertea hecamu afinme witJi a now uationai pastime—that of 
listen in g-iiu Tlic Tast industry of broadcasting came into being. Its 
achicfiMMnenta ns n serrico to America and (o all the wnrld durinc (he 
jmst qiinrfer of a century are an epoch^molcing and dramatic story 
of American ingenuity and emterpriae at its best. 

In no other nutiori has radio (l«Teto]»il ue 11 has in U^c United 
Stotes. Nowhere else are people l»tter infurmed. Tftlay thh 
ctiuntiy is served Uy more than fiOO broadcasting stuiiona and 4 no* 
tionnl netwiirks, Tlmre arc flO^OOtJvOOO receiving aits in mt- lond. 
Tile owner of every set is free to fisten to any wave length from any 
cniintiy. Ametirrun radio dials are ^iibnls of freedom. 

The sciontista, who woehed out inventions and hnrnciused the wuve 
lengths to equip America widi this unsurpassed radio system, reali]».d 
only vaguely thiit (heir schievementa might be used in a second WorTiI 
War. Tiitire ware the lofika of peace, lliey worked (o make n syiri' 
phony orchestra Hnmd with perfectiim hundreda and thousands of 
mitre distant from its snttrcc ami eiiabla Uie htimnn voice to ring (ru? 
nil the other eide of the glnbe. 

They extended the influence of news, education, and religion to ai] 
parts of tFic earth. They made the world an open-air iheivtar in 
which rountlc!^ miiiions of people could cn/oy frw entertainment. 

Tlius, ecienuGts made American radio the Voi(» of Freedom, no 
interwoven with our daily lives that we have come to think of radio 
as an achievement only of tlie twimtielh century. It is, however, a 
diiltl of tlie Bgus. hlodern radio came into existencp through a long 
process of evolution. Tlio long corridors of tbuo through wliieh man 
hns conducted research and eiqjeriinente extend far into iba past, 
Tliey lend back to anriant Greece. There the first electric sparks, 
called electrum, kindled a new science nnd a new foree— 

electricity. 

WliiJa the men of lienee were necking to ex|)!ain the mystery of 
thaw sparks, the pliilusophcra of Greece foreaw that if democnitic 
government ware (o remain offcctive, die range of the humafi voice 
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would hn™ to be greatly i!aHiTitl«d. Aristotle irgued tlmt lie best 
of £tiites tni^ht well outgrow geogra[)hical bfluiidarits witlt popula- 
liotLS rcdcliiiig fiuclr Bssse tiiat well-ordered and efficient govenuuent 
could not futietioii, Htt said tliut o democrutic gwretminent miuired 
tlmt the citliera kwrp in toncli wUU one another; that thoir Icodcre 
know ench other end that tliey (diidy at first Iviuid Iheir common poU- 
deal problems and the polkiea neeesaapy to m<wt tUem^ Btit Aristotle 
vvarnecl that it would ho impossible to accomplifili this tn the oTtrgrown 
utate, •'for who could be the lender of tho people in such a StaU^ or 
who the town-crier, unless he hare the roice of a Stentorl" It 
would seem timl Aristotle eren forecast the need for lelerisioni 
cause he believed Uiat the peoplo needed to see their leaders, as well 
as hear them ai long range. 

Two thottsand years later we ImTescen this come to posa, for science 
has provided govemment and tls lenders wllli radio. The entire Na¬ 
tion has bocomc an open forum. The leader of tlio moflem fitate is 
hoard at one timo hy more people than Aristotle and Socratci riachRl 
in tlieir life time, Electricity has made the miccophtmo Uie voice of 
ihe Slciitor; our leaders talk to ihe pi-ople, and at tlie same instant 
they are lieard around iJie world, 

'iVe of this generation liave seen nirn of evil iulisut stopp^ by the 
verv tools of science they perverted ruthlefl&ly to liateud their ])ower. 
^Te Imv'o watched Bcieiice halt the lyrniii anti dictator as the steiUorian 
voice of the United Xatioitscried out in defense of freedom, draiocmcy, 

and justice. .... 

When t.hifl war ends, we shall be on the threshold of a new ere 

in rndio-mi era in which man will sw, na wril ns b^, distant events. 
The first two decades of the century lielonged to wLrelesa telegrnpltj- 
The second two decades fcalure^l sound broadcasting; the tlnrtl two 
decades nremisfl televisi on. It is not loo bold (o let t Imt fo urtb 
two deoadca will introduce international television with picture lu 

even possible (hat in the two final decades, we may romplGto 
the eentory with fxmer tniiwmifision by radio, and tla uso tn the 
operation of Tehiclca, nutoiiioUiles, ships, railroads, and air^lan^ 
Wiien compkte<t, tho story of three first hundred years of radio wi 
make faseinating reading. a Julre Verne coivh! not tell us all 

tliat tuw ahaad in this magic reahn of rwdio'fllectronire, 

Tlic scienee of radio is no longer confined «t> communications. 
Among revoliiliimarv ttcconiplialmients in idher lines, we have tlit 
oicctren microscope, ono of the most important new scientific tools of 
the twentieth cemmy. Develoiicd in BCA Uboratoncs, and based 
upoij trfevkluH thin n high wjLriiiiifl prior* 

ity rutkjg for uso hi seienbfte, pic-dirali pjid indiialrijil re&mrth. hor 
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Ute first timo it iu« miide it possible for us to see tad idsutif}' mole¬ 
cules, uid to photof^mph tlm iiiflueuzu virus, it hss rsvesJed, in iU' 
tmiis detail, tbs true structures of fibers, ci^'stals, aiut pigmeuts, The 
submirroscopic world is o»w opened vide for exploration. Baeteria, 
UmtieH, and minute panloles of matter have been brought wilimi 
range of uiau's ejr% for the electron microecope, man; times more 
powerful thiui the Etroiigest optical micfoecopc, jienniu mignifica- 
tiuns up to iOOiPOO diaiueterti, A needle on such a scale of magnifica¬ 
tion would app^^ <>3 liuge us the Wasliingtcm Monument; a blood cor- 
puscio na large ns the wheel of an automobile and a football field 
live times the size of the United States. 

Warlimc industrial research and enguieering have nisbed into u® 
still onutiier branch of radio—the art of utilmug high-fre<]tuuu;; 
radio waves for heating. It violates no miUiar; secret to report that 
in this new field of radiiothemiica, a bminateti airpiatia propeller can 
be processed in minutes compared with hours required b; ordiuar; 
heat and pressure mcthiKla. Jn man; cases where uniform heat under 
accurate control is necessary in induBtrial processes, radiodiennica 
offers groat promise in efficiency and timn saving. The wide scope 
iif its appiicatiou ranges from case-hardening alacl to dehydrating 
foods, from gluing prefabricatad houses to .-aiaiuing thermophutic 
materials by means of a '^radlo sewing machine.’* Tliese accomplidi- 
tnents are all based upon the simple fact tliat microwavea, in penetrat¬ 
ing an object, encounter resistance and create heat. 

Farther afield from communicattona, research men ara exploring 
supersonic Ylbrationa, far shove the range of the human ear. The use 
of these uliroainic* in dueiiuslcy may open a field in which high- 
intensity sound accelfrates cbenuoal roaettons. Experiments alw 
indicate important possibilities in many other fields including under¬ 
water cuiumunicntiun, emulslficatian of liquids, niid precipitation of 
dust from Uie air. 

We attribute all these linea of progress Co the aetence of electronics, 
'llie heart of tbnt science ia the radio tube. Millions and oiilUons of 
radio-election tulws are on duty around the world. They are being 
nianufiicliircd in Ibe United States at the rate of 400,000 a day. The 
communities in which they are made are on the front line of pro¬ 
duction. Tlie great imiHirtanee of each ndio tube that moves off the 
productioii lines cun only be envisaged by coiisidiering tlie many func¬ 
tions it perfoma in helping to win the war. The delicate finger of 
the worker who mukes the tubes has a task as vital as Lhe fUigm: of a 
soldier on the trigger of a riffc. 

Likewise, radio-docirun tubes are as important in jteace as in war, 
They are the master keys to wvoltilionary advanew in radio. They 
have registered the souiid of footprints in the p^; they are (be 
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pulse of the present end the ^eye*^ of televiaion that 9 tta far into the 

future. I- *1 j- 

The dey mny romo when every person nrill have Ina own iiU« 

s.totion tucked away in his pocket, to hear and to coiniuunicat* with 
hts hmne or hie oflk* as he walks or rides along the sttect. 

We hare moch to learn about the microwave, in which b wrapped 
op this new world of indivwJualbed radio. Tiny election tubes may 
make it posaiblc to dcsigt* radio receivers and traitsmiuors no Uirt^ 
than a fountain pen, a dpirette ease, a billfold, or a ludy a powder 
boa. iwtiie day people may cany ulovision ncreeus ou Uuur wrtsta 
they now wnCches, Aa the of rttJtii ftp 

proaebea the fromiers of light, the apparattia will become stmphsr 

and more compact. , 

Today seten-'c b leading us out of a world tn which radio has b«n 
blind- Tatnnrrow wo shall liave radio siglit. By this I do not me^ 
that we shall look only at pictures in motion that travel through the 
uir Radioyiffion will havo many usea. Ii will serve whereyee sight 
b needed. For instance, it wUl be used to prevent «illision.s on high- 
waya and railroads, on sea Iiuies and on the airways of dm worJA 
Radio will be Uie new eye of tranaportalioo and conitOBiw. Appii- 
ations of radio optic® are unlimited. With radio ear ami to 
cnide them, the great gtralolineis will be superhuman in their im 
stincts of hearing and seeing as lliey ^peed through spa^ with 
passwvgera and freight. Radio, which made the world a whispering 

gttllcrv, will turn it into a world of mirrtWB, 1.1 * i 

Radio's great responHiblltiea do not atop there. A foriniaable toEt 
lies ahead for conununiradona in the restoration of peace, in the ro* 
construction of the world, in the roestahUshment of inteniaiionat 

If American indu-Wrial sdence it to play its destined role in the re¬ 
construction period, government should not unduly rennet private 
enterprise or enter into compet.ition with indi^ry. On the ot wr 
hand, it u of no avail for industry merely to point 10 the dangers of 
governmental restraints. Industry must give evidence of leadership 

hy presenting practical aUernatiyea, *, * _ 

The day of pioneering in America lias not endoth Trail hl^ng 
now calls lor joint effort by govertimcnU blHir, and induaiiy- T^ 
authority, Biperience, and virion must fuw linrmoniu^ly 
aucc^B. Tlie same spirit of give-and-take miial prevail tb u* 
fitateamaruhip aa in natiomi) and international statesmanriup- Tlwre 
must be but one goal—tlie welfare of tlio [leopte and the nation* 
Industrial statesmanship can accompllrii more tliari politicul gtates- 
manship in solving the iswtwar preblimw of employment, masspre- 
ductiom prespcrity,and ihecontinucd ypUftof the American standard 
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of living* Iiitlusirj’ tan l>e tlifi great motivi) iiO’Wior in the solution of 
theso problf^n^. The futuri* uf every Aiijeriam tiumc nod familv 
rlet>i!nds upon \L TJifiroforn, it ia impenitiTe tl^at Jijiop victory i? 
achieved im Ihe bailtdlddiSi Arnetican industry devote the santu all- 
out efForta to the penile tiutt it devoted to the Tliere oin bo no 
tet^douni, ITie proldems of peare will be of great Ttiagnitnrle* Afler 
the deraHtatJon of war# mnnidTid will be called upon io win the |>eace 
and Co make that peace aecuro wiL]i iiappme^ for alt fMH:rpI& If 
dustpiul ^laiesmiuiiship fidls In Om gr^mt opportimilVj then the op-^ 
prtiach Ui thia ijo^twar probktna necessarily ^vill bo political iasi4!ftd 
of ccoiiomiiv 

AniericaV ciiltivation of p^ience liaa proved the K^ation^ salvatirm; 
in Tnodern warfare. It mnet not be oihcrwise in ]>eace. Pioneering 
and researdi create wcaJtli and enip!o3mDnL 

In considering opporluiiiLica for employmenl after liie war we mu6l 
lift our to the ihin, long confintid in hk activitifs io 

(he mrtmt of tiio CiiriJi mt] boneatli the gnuumh «ow Bnik Chat the 
air in a mw dimenaion, offering new ndveivtan-a tinii praiiwiring by 
n mw generation* The air Is a cltrmieal mid phjaiiiml lab- 

emtory in which essentia! dements for life oti earth are created* 
Xuturo herself makcH unlimited use pf celestial space for trans- 
miBsion of light and lieat from the Only in recent yeata Tina 
miin learned to nee the air. Only now is bo beginning to ilipcover 
its Ircmcndmw potentiaiities* y temlly oni of thin aJr^ chemi^Ui are 
creiiting new products, pbydeisUf arc bnilrtlng new aiervice!*, while 
man is t n Iking tm un^n waTc^ and (tying oii invidhle bcam^ 

On the mirfftce of Ihe eartli, diipf^ and miiri^ails, anTomobiles nnd 
in dll stria! mQchinf?:^ have crajte<t mil linns of jute* Underground 
cool^ oil* and mltiDmls provide employment for oilier m illions, Abo™ 
I he cdjlb avialion and radiot etecLronics ait<3 f^Ii^viajpn can open the 
way for new oppartimilEeft in rt' ernploymcnt of war workers and fur 
the millions of men and women who will rvliini from fiervife* 

tl i^e^imated llmt 10|000+000 jobs which did not exiet in iMfl [riu&i 
be found to solve rhe jiostwar problem of einploymenL One gtint 
tiopo in helping to meet this un precedes Cent challenge will lie forind in 
iho fertile and unexplored fraiiLiers of ep^tce. Science, offering nuiv 
incentivea, is beckoning capital to venture into the opi^ii aki®. Wp 
are ithjillengvd to look upward loour fnturc,. 

Hcirticc Greeley, if hero foday^ mighr sjay, np, young man^ go 
up and up in epaco,” There, |jee tlie unfathomed of this 

century, with no loot frontier; therc^, tios n vast wjidemesa rich in 
resources, opportunities and adrenturo. Tlio “Forty-iiinei's^ of the 
j>rcsent decade will bo prosp«ctorB in Tlicy will travel 

through the air Loatnka thtiir daituA hi faim% fntlune, and fttstnlonL 
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To nssiti'B thfl foil ntUinniUDt of reatilUs^ priTat* mdiutry and 
dio OoTeniment must play tln^ir porta with ibif o* 

piitl>osa, eiicp uniting indiTidim] and oolJective miliative. The 
lioud growth of the United Sutea tiiul its contribiiuoitfi throus?! 
nseorch mid invention, we histoiio proof thnl traUitiniittl Aiiitticwi 
coot>eration holweuu imlustry and govijnimetit promotes tlm best 


public Intmst. 

'Hie role of government in its rabil ionfildp to labor a ml itidnstry 
should be ibat of an iimpim. A wise goTeninient does not sc^ to 
favor ftitlier managemetit or libar. It must It* impartial lJ<i3:u5iim 

WLfiti die war ends, and we cuter tlic iitimediute period of iransi- 
liou. Hie Government in foimeas to both labor and iiidusixy must 
rvadjust its rigid wartime controls. Tbo emcrgeticy tegulationa nec¬ 
essary ill wartime, but noi noccseary in tmaoctime, sliould be nsduc^ 
■B speedily as pmeticable. ElimiuaiioJi of wavtinw reslnctioiu wiU 
enable nmiiufactiirer* tu producsi* and euiiply the goods ueBded by tho 
Nation, [oroainiain cmploj-ment, and to adnpi new developments in 

industrial science for the btuelit of all i«ople. 

Aiuorica tunat be pmoUcaL Scicnijo and indusUy must have 
American independence if they are to succeed in the gigantic tost of 
removitramn, ni-euiployincnt, and world rohnbilitatiou. 

Never again rmi tho UniltiJ Stateg be bolnted and secure wiU.m 
its own “lioivss. In the fact that no spot on the globe is farther thnti 
60 hours’ living time from any local airport, is seen the tratb that 
notions niuiit live trjgetlitr gmtd neighboio. Sbriveh^ by radio 
and uvJutian, the new world la a single mughborhoocL Tlmi ih not a 

theoretical concept. It is a fact. _ 

'Todoy ttiiui can travel by truin frotn Chicago to New Tork ill li 
hotiis; he can fly in 0 hmir^ He ^aves 12 houij, but it ie of no avnd 
if be does not mie that lima (jonstructivdy. If people achieve mure 
leisttre, whnt are tlu*v to do witli Lbo newly found Inmra of ftHMloml 
Thia is one of the poranHoint problems that facea the world 

Recreation and cntcftointnrtvt arc vital to a liappy bte. But to be 
content man must also work. Mere itllcnesa d.as not produce !xap- 
pinss or pregtesa. Life ia measured by ttnie; it m Ua* fleeting and 

precioiia to wnirte. .,.1 i 

Kiiterlaiiimcnt can be as ref«shiiig as (d«?p. The brain to fiiun 
new idi-oa ami to lliiiik dearly aim must have dneiBion. In teiBure 
mum of the greatest dreama of all time l^avo bwm bom and have 
grown into myohitionary iduno and invciititius, 1 ho complete con¬ 
ception of the telograt-h flushed into the mind of Morao wlnle on an 
ocean voyiigo- The idea of wirrde^ fln^bcd into Matcouis mind 
while vacaliuTiing in Uie Alps. Gn-ut Ideau iti science, art, and litera¬ 
ture Mildflin eoiiw direcQy to tiie workbench; they are teluofled at 
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unBuapecting momeots 'when the Babconedons mind hoa opportuniCj 
to come into itB nwTL 

In hnnUcaiitlag we have nti ontstandiag example of an art that ie 
metiaur«d by time and Linked with oppoituaity. The lietenor may 
use the houra to good ndrsnluge, or lie may waste them. It ie the 
use to which he puts his radio set and hb fre^om iii selection of pm- 
grams chat rere^ the mherent value of bruadossLlng. The piognun 
U the essence. If it brings Laughter, if it stimnlates thinking, nr tests 
the tired mind, or kiccps tiie listener informed and in touch with 
his feUowmen, thmi radio is on antidote for idlonese and lonelmesa. 

Soience is n mighty ally of freedom—its ad'mice has brought touch 
release from drudgrry and from wanL However, we must progress 
still furtlier. For better macliines are not ill that is needed to make 
a better life. We shnU have a better world only to tiie extent that our 
social thinking and our social progress keep pice with the advance 
of physical science. 

'We are approoching the days in this struggls when the basic chil- 
ieiige of the postwar years will become sharper and dearer. It is a 
challenge tJiat will ring out to i»opte iu all walks of Ufo, to brains 
and initiative, to coopemiion of gorertunent and industry, to labor 
and managemeni, to religion and education. The answer will be 
found in the minds and bcarts of men and women intent upon prraerr* 
ing civlHxation and a world nt peace. 

In ihia month of Ttianlcsgiving, let ua be thankful that America and 
her Allies hsTS the strength and detartuinalion to hold high the eternal 
torch of freedom. May Uie victory be a victory of iasting peace, so 
that out of tlie bombed and shell-torn earth will come a happier to. 
morrow for alt mankind. 


the new iTICROSCOPES^ 


By i E Prt f»rt . M. I>.< tad )1. BtctwriB Wmia 

Fa. 




It is, to speak ctinaftTvatiToly, of eatrenie interest to reTiew 
recent ptogws made by the scientist in his endeiivor to penetnte tka 
unseen wwrld of the minute and diacaMHamang g^nis^ m parUcii- 
liir li world of rinMes-sttsirtcted, yei lying just beyond the « 
huBian Turion and the power of tia mieroaenpe to meal; for tiie Ub- 
oreioty rosearcU worker, tha doctor, tlie tedmician long have Uen 
familiar with the cfTects of these unseeji enemies they have been caU*^ 
upon to treat and to cope with in man, animal, and plant, and while 
tliair knowlwJge of th* infinitesimal has been growing 
were, until very «ccntly, unable to make tlio abglii step beyond 
which would enabte them to B«l today, scienen la e^lonng^ 

looking for tlia first time upon totally new worlds Uirough the o_ 
totally new types of microscopy mierc^pea new m prnicipte o 
construclioa and in principle of illumination. 

THE ELfiCTKOM Ulf BOSCOPE 

On« of these new Instrument, tlic electron micmswtpe, hw 
considenihJe attention and ia now being u«d extensr^ly ‘ 
dustrial and medical rtsearch. Based on the principles of 
electron optica, tfiia microscope utUtett clectrona ^ a source of lUumi* 
nation iusijead of the liglit source of Uie ordinary light nucros^pe. 

Electrons, ptflctically speaking, ate tliejm^ialle^j^lightM 
matter and electricity. Like light, they behave Idee 
by waves. Unlike light, liovrcver, they travel m a 
™unm whm, subject to the action of electric and 
their behavior coincides with the lawn and principles set doro It 
W tllimn Hamilton who, more than a century a^, demonatruted tte# 
edstenoe of a close analogy betwwn the path of a Iiglil rey 
refracting media and (Jiat of a particle through oonsorvaUve fields of 

Wo know that these negatively charged particlea, the electfrais, tv- 
votving about in tlieir variona orbits b the atom, wire to mamtain 

• SfeHnM IV tnuM th* i«TMi rf t** ruTstti* (Miitixu. rtt an, k*. a. 

r^tanui? t#44. |i^ 
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b«lBnctf of the atom while the ntideua exertn the ’’ponitire” force which 
holds U together; and wc also kitow Ihnt when this balaoco is 
due to gain or loss of eleotroiis, wo think of the ntoin os '^diiirgedi” 
since it is this dmunstance which cnnses (he tiitj- particle to attract or 
repel oUier electrons according to the state of its unhalsnce. And 
science has succeeded in unbaliuiejng the atoms to such nti appreciable 
extent that the negative rfefiridty toay be withdrawn and lumtcssod 
for use in sneh infllrumfint* M the electron micro^opes. 

The fact lias long been estifalidied that atoms are tn a constant 
state of vibration tn a heiUed body and that the pxisler the hentof the 
body, the greater the agitation of the atoms. According to the electron 
theory of metats,electrons circulate about a three-dimcnsinnal network, 
or lattice, of positive ions, some of the electrons being comparatively 
free, that is to euy^ the attraetJoas of the ions are practically cancelud 
b}' tlio repulsions of tha other otectrons. It dries not necessarily fullovr, 
however, tliat itie eame electrons consistent I j reniaiji free, 'lliey umy 
be controUeri by llie inns evcntoally, biU regardless of this, there Ut 
always a fixed nuintKnr of them that are free. Moreover, tliere is a 
critical value of speed aborve which tlie electrons are able ro rise in 
metals and tliiis escafic from their restruining positive charges, though 
at ordinary (emperatures the proportion of them moving rapidly 
ctmugh to do this is relatively smulL However, os the heat applied 
to the meUI Ib increased, not only is the tliemial ngitutiun of tho 
electrons incrrascrl ako, but the proportion among them possessing 
sufficiently high speeds to cnabla tham to Inive the. metnl. 

Thus is heat applied to the electron source of tbo electron micro* 
scope whkli, in the case of meet instruments of this kind, is n tungsten 
filoinont Eummnded Iiy a guard cylinder. After leaving the flbmcitt. 
or cathode, tint electronfi enter an electrio field wlierflia arc lirgu 
accumulationa of charge which sorvo to speed up steadily the motion 
of these fiwcly moving particles. Since the electrons travel in vacua, 
none of (he kinetic energy gamed in crossing the flekt is lost, the total 
kinefio energy, or energy of motion, gained in pairing thmugh this 
region being proportional to the voltage applied, We may deduce, 
therefore, that since increnfle of charge in an electnr fie)<l menna a 
proportional increase of kinetic energy of these electrom;, the higher 
the voltage applied, Ihe greater the f?peed of (he electrons—all of 
which bos been ralculaled mathematically and confirmed experi- 
mentally. 

After traversing the electric field and patedng thtsaigh the anode, 
the fdertrona are concentrated on the specimen under eamniuntion by 
the first of three maEnct.ic fields which nr© created by entrents flowing 
ihtoiigb eoiJs cncl(»sd in soft iron Bhields. molded tio as to coDceutrato 
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the magnetic fidcb on nsbortacctiwi of th©micr(»eopo^s*»B. 
in rhe otdmnTy light micwacope glaa$ knees «rve ss the refructiTe 
media through which light rajs art denectrtt, in the electron mictoe^ 
it u those mignetic fields of rototiotiil lymmetrjf which are the wfra^ 
tive media end fierce ae the “fcosee” which deflect the beams of 
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b form*d. Filially, Ihio projectioa coil, corresponding to the projec* 
tion lens ur ocular, produces a fuitlicr ttiagnUbd tnutgn on a largo 
fluorescent screen In sotnu of the elect ron Enteroscopes, tliere is a 
perbeope-like eUatJunGut by toes ns of which it b possible to locsto 
and adjust for study the most mtenesting portion of tlie spednien, or 
tliai which it is desired ^ould be esnuuned, before the projection lens 
coil forms the fliiai magnifled iinnge upon the screen, since it b some- 
times dlfliciiR to {Lccompdish this at high mognifleatioa. Also, it it 
b desit«il tluit a photographic record he made, the screea can be 
removed Eind a photognphie plate Bubstituted. 

The specimen itsdf is BupporteiJ on a thm nitrocelluloae EnembrAiis 
leas than one'-milUonth of on inch thick, and clamped in the tip of a 
cjtnridge vrliich is iiuserted between tiie pole pieces of the objective coil, 
The membrane is suspended across the opening of a fine'megli !HTeem 
and & plate, serving os the movalile stage, supports tlie cartridgEi. The 
imago is projected onto the serwn acconiUig U> the densily and atomic 
weight of the spceiEueu. Iti other worcb, whereas in the ordinary llgtii 
microeeope the image b seen because of rciraction of the specimen or 
differences in absorption, in the electron Enicroscenw the lEnago is wen 
through scattering of the electrons, and since electrons travel in n 
straight line iti a vacuum, k stands to reason that even a fairly thin 
fipecimen will prow sulflricnt to deflect such particles. Electrotis 
which fitiikc a thick or solid purtiou ol the specimen will, of 
not continue on in a straight line to Ujc screen but will be either e^mi- 
pletcly absorbed by the si^ecimeu or scattered too far out of tiin beam, 
thus failing to euter the narrow apetture of the objective, so that that 
portion of tho screen coriespoiiding to the thick {wrtion of the tqiedmcn 
will remain dark. However, those electrons which are able to escape 
vofnplete absorption or too groat deflection, because they do nut Iiappeti 
to come in contact with too Golid a portioti of the specimen and cither 
pass along on all jdd*» of it or penotnite the tliiimer portions whan it 

possible they may GnLOunter only a single heavy nucleus for consider- 
able scattering tthe angle of deflection being proportional to the 
irtjuare root of the thickness), continue on to the screen whore tliey im- 
piEigaaEid cause thecheEnically Lreoted screen to fluoresce, thus pro v idl¬ 
ing a study in light and shadow. If the atoms of a particular sub* 
stance arc heavy, they will attai deflect more cloctroiia tlian if they were 
light. It Eoay be readily seen, therefore, that the thinner (he specimen 
and its mounting, or the greater tha variatiuttB in density of the speci¬ 
men, die mono internal atructure and detail which may bo seen, since 
too great density tends to absorber interrupt thsGtniigljL-line progress 
of too many of the oicctrotis, 

Focusing of the hnii|pe ia accomplisUed by varying the strength 
of the flelrls and thereby altering tint focal leiigOi of tlte ^lans'' colls at 
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will, eo tliai ilic iM*d of chunging ih® speeimfm’a pfleilioa w tt aivon 
to ft filed apticol aystem, rh would be the cate witli an ordmnrj/ Ug i 
microarope, » avoided. Thus, magnificBtion in an olwlTOJi micre- 

acojK ean bo eontinuouiily vuTioeL . n l 

Some specimeiM miy be moHiited dirtctly on tbo ftne-maab screen 
while others may be embedded in collodion, ecalod between ® 
collodion, or suspended in ft gelfttin film, ifacll supported on w on 
film. The supportiiiff films besida being very Uiiti must be homo¬ 
geneous Irat tia (irtifici be created- For the tnmi no 
of badwiological spccimejis is done since usually they cihibit 
cientlv high contrast in density to reveal readily flagcllft atid other dfr 
tail without any n reparation except that of suspending liw spec mien in 
diatiUed water or other liquid imd allowing a drop of the soap^iott 
lo drv on the film surface, whidi methotl is nleo utiliMd for specimen 
of colloidal particles, pigments, and other chemical propamuons. AX 
lima, however, as Dr. L. Morton, of Stanford Uwvemty, 1^ men- 
tinned in hia article on the electron microscope (writtenTor riw Jour¬ 
nal of Bacteiiology, March IPU, when ho wm asswiatrd 
R, e, A. Research Laboratories), vinw purtides may show decided tow 
contrasL One method which Dr. Msirton mentioned for oveiwmmg 
Ihi, i. to obtain ft number of electron microgiapln ftt «noU£ focuBes 
and fimply select the best one for irtwdy. Or tlie vimv may be per¬ 
mitted lu liworheoUoidftl e<)Id b’Si* 

contrast. Dr. Marton points out that there moy be future iiewl for a 
staining in dimrity and that already osniir acid has been tried aiul ushJ 

^"ir'thiB'S^^pe, voltages of between 30,000 and 00,000 ire used. 

tt has been previously stated that the higher tlie vultage. die gnsntpr 

the speed of iho electrons. This might now be augmented to rend. 

the higher Uio voltage, tlio greater live speetl of elcetromij hence, Die 

diorter the wive length. An explanation of thu may be 

tlinragh VL brief diflcuaiiori of ahort-wftv« diffraction w c^id^ by 

Dr, Karl K. Darrow, of Bell Ubomtories. in his book, 

eance of PhyEtes.” In order to obtain runvenient angles of refractimi 

with I ho ordinary diffraction grating, it w necessary that ^vo 

leiigtba of light be smaller, but not many tiniifl anmller, thim the epae- 

ing betwi.*cn the wires or grooves, Natu^lly, ft limit of 

ts rencliei] in the region of uJtrtviold light «nce it ^ 

t«sefl further llte ipucing of tbr.^ gra_tin^ However * »Itai^Uon 

WM ovenmmr when von Laue eouccivccl Uie idcft of “ 

crystal for an irtifidal gnuing since tha aioms .n ' 

ihouBand times more closely ect together than are the ^ 

of a grating and me aminged in pw-.ui« regular order or 

and, like gwtiuga* are unable to diffract waves which are longer than 
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t]ie Apneing^ ti<-l their Von Lfiiit-^ that i f a beam 

of light ilirecieij acro^^ a crj^at and niade f.o etrike a photo* 
graplijc platef theri& would Bpi>ear a >;pniy of iiarrow nyn rocli com¬ 
posed (*f a singlH ware trail) inatefid of the brnad fanlike ammge- 
inent of the grating, and n pattern of star!ike ajfots where the myh 
come iu contact with tlie plato in^esd of the dark irregular blot 
wiion u grating ie used. Of course^ the ravs lire dispu^ accoTtling 
to the apacitigd of the atcun^ in the lattice and nccorUirig to the clmr-^ 
acter of tilt ialtice^ V'on Laue conllrnieci Utb idea for wave^ short 
enough Ici be ±90 dllTracteii niid thi^n advanced the tltc<»ry lliAt i\m 
principle might hold I me for X-rays H5 wHh which ihtn^ry wa.^ almost 
inunediately cfmSnned by FTiedrieh nnej Knipping. r^hurtly after 
Schroedinger began to develop De Broglic'a w'ave theory' of declrons^ 
ELsaaser conceived the idea thut possibly ihcse tiny pankba might 
also be diffracted by ctystuls, nod Doctors Dovifison aod Gertuer, of tho 
Bell Telephone Ba^earch Lubomtoriis^ using na pari of Utelr appara^ 
tu.^ an elytron gitiif mi mil to test and to prove tlda 1li^ory« Due Uy 
thuir experimeuta and those of G, P. 'fhamsoni it wait c^tablbhecl 
beyemd a doubt that dectmn beams are diffracted just a^ nr^ X-rmy 
beamfl. However^ it was also dcmotifltrated in tbe course of theiw eic- 
peri menu tliat clcctronB of slow speeds and fwblo kinetic energies ora 
tmabk to pencimtc ihe crysiitle. 1 l whs Thomson who utilisted factor 
eledronn and demonsilrat^ thal not only arc clt^CLrons diffracted likft 
X-raVflt but Like X-rays hJso thi^y mike an imprint upon a [fholographio 
plate at iitenra^I fipcid& Tht^ tlireo men, together with others, then 
mcjumrod the wave lengths which they compart with the momenta 
of theae eloctroTiH by their dtffrucdon. To tiukMs e;xpi;rimerUs and 
measurements were then applied the following rules of correlation: 
“Energy (E) is proportional to fr«|ncncy and momentum ip) is 
mwisely proportioned to wavelength (lambda)^ the sanio coimant (A) 
appearing in both relations. (Freciimncy U kitcrpi ctcd as the vclocUy 
(V) of tile wave^ divided by theur wavelength,)^ Tlicsa rules can l>e 
applied mnthiuiiatieatLy to Uu*- riectron micnwcopn to illiisinite better 
ihe principles of ibi operating In mnking mspG of tlte firat rule* how- 
eveVi il is ncees^ry to substitute ^Voltage^ for ‘‘frcquencyp^ and in so 
doings therefore, the rules of coirelntion explain the tnerease of energy 
in relation tu the inervaee of voltage well as the incrfinflc* of Hpeetl of 
electrons lu nslation to the decrease or ahortcuing of v^nve leiigUi when 
say the high^ the voliagft, the greater the speed - hcncfl, the ihortcr 
the wave length of clf*ctnius. It U interrstirig to iiule in pnsBing that 
a I5thviilt eliJCtron has a wave kngtli of one Ang^^tmm unit* thit l^cirtg 
mtiro than ICM time^ smaller than tlie wnvis length of viable or 
ultra violet light. 

Because', the wav a Icngtlis ulilixcd in an olectroti micrti^ope AtT! so 
much sliortcr thnn tlwM^ employed iu an oi’dinary light microsco|Ks, 
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it ia Eosslbla t» obtain 0"“'!’ intt*o«<l twuSlllinn ond mosnllictlKW. 

A. oV^lor of fort, nwlalion «p In ■JC.tHKI or SWW 
reKlixrd, mid mcruueeil mapnificiiMons beyond tlvis pomL up li» J * i 
eveiiSOti/WOdinmeteTBoCiiTi be obtiiiicO, each mii^nmoilwiis^liovfCTer, 
rniutthuimg colli rgemeiit o/ Um jinii(?e. (DdioUions o! resso ution 
and ‘‘mafoi'Uk-tion** discitfised undwr “The > 

This Iiigh tncgniRcotioii ta greatly aesimblB sm™ othcr»nse me eye 
would be miaWe to diatinipiiAh «lie fbie drtml of inttrtiol siraeltiie* at 
m tcsohitioji of the order of SiSfOCO. A± a tenidt of tlo^ mcrefise lu rcs^ 
lutioii mid mn^iflcatioo over tliat of the ordinary ligUl tmuostioi 
which lA between i,fiOO and 2,500 diotneters and in the nltramjcn^pa 
kiween 2,600 and 6,00U dUmeters, nirniv surface celhs and iimeh ifttrt* 
cate iniemal atnirtiiTio liitherlo unsun>«teil- fr at least wilotijctwl ny 
ordinaiy miermcopcs, have been rcvcalwL f n cite a few c^pli^ 
Tlic streptococcal cells api>car, ntrt es individnal cells, that is, ka¬ 
rate Olid apart from one another, but us chaiulike gmups, tlie «lls in 
cacli chain being bound rnpetlicr appmxnily by ihe .twng ripd mem¬ 
brane or onler cellltlar wall which iLvtenda over a number of Uie® 
and which b so plninlj evident under die electron mictyj^^iw- »«1>- 
iected to wnic vibration, lUvai ciJbsuJTer a loss of proiopbamic iiia e- 
rial from their interior, causing them to becomD mere gh^ cHK 
which makes iJiem more mnaparent to electron beams. Inal thfiic 
exists considerable difference between the snrfncc stniciure and iii- 
fcnial compoaitiou of these c«lb has abo been dolennmed and 

demnnst rated. , . ,_* 

Uaiiig tlie electron microscopo^Dr. Hurry E, Morton, uf the dcjwrt' 
ment of bacleriology of the University of Pcimsylvtima Medical 
School, and Dr. Thomiffl.F. Anderson, of R. C, A. Rc^rcli Labora¬ 
tories were able to dsmemstnite llmt in at Ifcost one uisianco where 
chamica! reactimi b induced by Ixtctcrin thin renclion takes phwo 
“inside’* Uio cell#. The fact ihnt diphthcrin bacilli reduce ji^aswum 
tellurite to metallic trilnrfuJn hss l>«n known for 
whether this reaction occurred inside the cell or on the rell snrfacr 
or both had never bwn definitely shown until the elwrtron raicrw*.opj 
was made available. Then, tilrfaining unfitain^ prepticalions of 
t’orsf»r6<n,*ri«Mi diphth^ricut grown on bhiod infusion agar, 
Morton and Anth'rnon deuionsi rated tliat the typical ^lar grnnulw 
appear as den-*. spherUal mnfiscs, or |josgIbly plate?, of a very black 
color and that in unsiainw! preparations of this same Conjnfbaet^um 
diphtAeriiii' grown on polaisiiMn tellurite chocolate ojjtir, not on y t o 
polar graiiulvs arc in evidence but also the tiny nccdlchhe crysia a 
infdde the cell wliieli disappear along with the iibck color of the rell 
RiBsiaee whrn a drop of bromine water is added to L cc. of a suspension 
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of the cells on po^essitmi tellurite choeoleie From this the 

experimentera were nfale to deduce thel teltiirimn metal occurB in the 
form of needles &nd is Lite caiLse of the black coloft rrate* 

tion ocenra witiun the cells since the cresUds have never teen observed 
to lie totally outside the cel) wol), although st times there is some 
distortion oi the wall. 

The electron tuierosoope nbu atfotfls such study and obtservaiion 
as that carried out by Dr, W. M. Stanlt^, of the Soekefeller Imststnle 
of Medical Research, and Dr. Thomas F, Anderson in their recent 
investigation ol plant vtrUBes. By means of electron micrographs, 
they were able to judge the Mocl manner and extent of attack mode 
on thfl tobacco mosaic virus by the protein antibodies in the blood 
stream of rabbits in u-luch an artilidui immunity to the vims hod been 
produced. 

Stnictures like that of the spirochete of Weil*s disease, typhoid 
flngella, tiiiusual tntcnial structure of pertussis organisms, tubercle 
bacilli, the isolation and rocognitlou of the influenza I'inte, the spurea 
of trychophj'lciii mentagrophytes, Spirochat^ta pallida with it's nevom- 
panyiug flagellar appendages, and cnltoidal particles are hut a few 
of tiio interesting revelations of the electron microscope for medical 
ecience. Industrial science, too, has found (hie new research tool of 
great value in fho study of mctalE, allays, and plastics, ns well *3 in 
the study of size, shape, and dimrlbudon of particles in chemical com-' 
pounds and elements. 

The electron microscope herein dcsirilwd is that manufacturetl by 
f ho Radio Corporation of America. TTiere ire, of course, viirintioni 
in construction of the difl'erent inEtruments of this kind hut all types 
are built along Fimilnr tines and upon the same general principles. 
In (he electron microscope there is some aberration ptna die additjonsl 
tlisadTiiiitagcs of having the Epccimen in a vacuum, not to menfion the 
probable protoplnsmic (rhnn|;rs Induced by the terrifle bombardment 
of electrono^ and finally, what is [lerhaps the greatest dladvantnge 
iiusoftr oa medical science j« coitCGmcd<—thui of being unabls to view 
living organisms. Kevvrthclees, the disadvantages of the microscope 
are far overshadowed by ita increased resolving and mngntflcatian 
{Kiwers which hare combined to mnke it an Uivoluble rej»arch tool. 

IlBStM.imON AND U.lONinCATION OF ORDUfAllT MiOtOSCOPlB 

We have stated that the resolving power of the ordinary light 
microacope « restricted to beiween 1,600 and 2,800 diameters and 
Uiat of iho ordinary uUrnmiemicope to between SAOO and 8,0Mt 
diametem, msoliii.inTi in any mtcroocojie being the ability of the in- 
strument to reveul the most minute of component parts of a specimen 
60 (hat each may be seen os a distinct and separate image. For in* 
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irtn "*-*) Itrt ufi suppose an object U ttamined througli whieli ruii two 
very fine paruUel lines closely act together. If the two How ere visible 
under tlie microscope and ure revealed as two separate imsgeat tbctii 
apparently} no limii of rtsulution has been reached; but if the two 
lines are merged or revealed us only one, and upon fuitber magntfica' 
don the imago merely becomes wilargal wldiuut separetiwn of tha 
lines, then a limit of rasolutioii apparautly has been reached and ad* 
<litional mngnificaiiun would constitute ooiy cnlargeuicnL Assum* 
iog now that the object ia u point object in which case the images of 
the points would be dlfFraction disl^ the disks should likewise be 
sufBciently resolvc<l so LhaL each niay be disLinguished as a single 
image. If, when tl icse disks arc seen to overlap, addittona I magnifica- 
don fails to extend llte distaiiea iKtwccn them, their size simply in* 
creasing in proportion to the iucreese of magnificatiiiUf or, if tlicy are 
all but ccmpletdy merged and the image beouniea just a spurious disk 
of tig^t, U is erident tliut a definite limit of reolutioti has been at¬ 
tained and ihai funhet ijjognification would be useless. BesutudoD, 
in a brood sense, Umn, is die ability of [he microacoiie to bring out or 
rercai inieninl structure aiid detail of a specituea, the shortest dia- 
tancQ it ia possible to seiMirnle two component ijarts, according to 
Abbe, being not leas than tlie w'ave length of light by which the 
specimen b illuttunaljed divided by the mimerical aperture of die 
objective Ions plus the numerical operiure of die condenser lens, or 
about one-diicd the wave length of light uliliaed. 

The sevenil factotu which are generally acknowledged to be re¬ 
sponsible for tlic liniitatiou of resolving power am iuterreluied. Kow 
when light passes from one medium into anolher of difiereut density— 
ill the iitsLnuce which we are coiiBidcring that of light refracted by die 
specimen and passing from air into glass—tlie light ray? are deviated 
from their straighHiiiB course; that is to say, wlxm they come to 
wit tun II very short distance of diia den^ me^lium, they arc acted upon 
by a VCI 7 powerful force in sudi a manner that Lhey execute a short, 
rapidly curviug motion, or an angle, and are pulled into the mediuiu. of 
greater density. TPhen die rays of light undergo such n firtce, Uio 
momentum of the corpuscles Is Lncreai^ and ttin speed of the wavcis 
decreased, resulting, of course, in a shortening of the ware Isngtha. 
Uere. iig^in. wo may make use of the second of the rules of correlation^ 
“Momentum (of corpuscles) varies inversely os warelength (of 
waves).*’ Once weli inside i)ic new medium, however, dm light rays 
atraighteti themselves out again {unless the medium ia so cansinntoil 
that it poiiBKiseagradatianof density, in which case they follow n curved 
f/ath). They do this in epito nf the fact thut die same forci» are still 
acting upon diem, although now theso forrea isaua from all sides of 
tlicm and so cancel each other out, the momentum of the photons or 
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light coriJUsclea continuing to tncreaee wbilo the spptHi of tlie waves is 
proportioiuitoly totanled. If tlia lighi U rt’fractod nurntoUy to the 
surfoco, however, it docs not bend, but tends to ciiuse u shortisjuig of 
tho optical patlt aitUougli the wave length is sliorteftcd rugnrdJiiSiiii It 
is only n-hcit it is rcfi'ActOil oblhpicly to the frtirfscv tits I tlw light is 
bentr tho greater the obliquity of the incident ray otid the denser 
the ntodiuin, the greater the bending of Uie angle of die cone of light 
tuid the sliurter the wave length. It might therefore seem desirable to 
obtain tte great an angle of refmetion iis possible. However, ahorten- 
ing of Ltie wove length is nut iu coact proportion to the mnoiuit of 
bending oxoept iii the cose of the diffraction gmtiiig. Aiul repirdlcs^ 
of hciiv great a duitigH there ii; in it.h tingle, the numeriuttl ajKuturo of 
tlie liglit, or angular aperture us it is more properly rmuaius 

conetiuit. 

In order, then, Uiat the cone of light be targe luioogh to supply the 
npcilure of the objective with sudictent light to produce tu) accurate, 
bright, and enlarge*! Image of thb epocimeu, It is Grst nec«ssary Uutt 
the epGcilnen he refrauting or cuilttiDg light ol «u adequate quantity, 
aiiijce Lothmagiufuution and reeululion are largely dependetU upon the 
oninuiil of light which the ubjeetive uliliEes and receives into the tube 
of the microi^ope and since sui:]i light tia iho objective does receive 
jiliontd be only Uutt emitted by the spccititiia. It is obvious, therefore, 
that it is of primary impO'Ttance for the epeciuien itself to ho amply 
illinitinnted. This wunld seem bo deixnid entirely on the actual light 
oouroe.yet no tnaiKU' how }>i>werful a light (n^urt^ is employed, it is of 
little avail uidcfu, the eundetisei’ ie of suHlclent quality »k 1 aportuir 
diiuenstons toamunniodatf tiio ligiit which it rrocives from the source. 
If, for inelanca, the tiinnericul aperbme uf the objective b |,{S5, the 
width of the cone of light emanating from the specimen should com- 
pletely fill this ajiertnre in ortler lor the fullest powers of the Riicro- 
soopo to be rcali^d. Now, since the conileuscr snj^phes the light to tiie 
specimoii, it stands to reason that it, also, should ha\'e n numerical 
aj>erturc of at least 1J^5. However, if the condenser and specimen 
filide are separated by air, the condenser can piovide light of only 
1.00 K. A, t(j the speciuion since, iiccorditig to a law of optics^ no ai^er- 
lure greater tlian J,00 N. A. (this being the refractive index of air), 
tout pui» from tt denser medium into air. To remedy this situation, 
jin imnu^raion fluid is placed between the top of the condenser and the 
lower aide of the specimeri elidq oa well ns hetweoti the specimen en d 
the objective lens. 

Since no optical medium has ou index of refraction greater than 
3 and no inuucrBioit Quid an index of re fraction greater than 1.7^ to 
inentaoe resolving [>owar further, tlnm. might It not be feasible to 
widen the a|Kirtuiwai of the tibjective and coitdonecr lunseu, thus afford- 
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ing additio^l Uttiminbit<m for utilization bj both EipGciint!ii and objcc- 
tiiref TJiw l<l«i would l» euUtniy practioil CJeoepl for llio fact that 
sucii oulargonioit of Uir lenses would inoreaflo eberrsition, boiU gplicr- 
ioit and chromatic, and apparently titcseut'day lenses are now as highly 
corrected os it te fKJsaihle for humim mgetiuit3’ and skillful wi>rkman* 
fillip to make tliem* Spherical nberraticfn, caused by ihe paraxial rays 
coming to s foclts at the center of the lens before those rays near the 
principal axis, is corrected by using ooucave and convex lenses of 
diffrrent nuitorial aiwl, consetinenily, of differcut refractive index. In 
this manner spherical alienation of a eonrai len?, for instance, can be 
overcome, without its converging action being altered, by adding to 
the optical system a concave lens in which there is an tKlual and oppo¬ 
site aberration. Chromatic utierration, occurrinir when more tliati 
one wave laugtli of tight is used to i ll urn mate the specimen, is duo to the 
fact that the shortest waves of the spcclrum me refracted moat and 
the longest. wave» least, thus enusing the blue-violet waves to come to 
n focus nfiead of the red waves and reenUing in a scries of colored foci 
ill along the axis, ^ow innoe, as we have sahi, the shortuning of the 
different groups of wave lengths is not in exact, profiorrian to their 
bending and since this ctrcumslauce varies according to the substance 
the light rays pass llirotigh, it Is possible to combine lenses or teiw 
systems in such a way that white liglit may be obtained. For instance, 
h small concave ilint-glaiis priimi produces tlie some amount of dia- 
pcTsi on as a largo convex crown-glass prism. Thus, i f these t wo ji riams 
are placed with their edges opposite, the crown glaj^ will bring logrther 
thfl spectrum produced by iho Atnt glass and white light will be the 
roaiiU. However, the rays of white light will not extend pamllel wiib 
the original direction but will bend towaril the Imse of the crown glass 
since the mean refraction of the crown glass is greuter than that of iKe 
fl int glass, A chromatic object i ws, eorred «d splicrica Ily f nr one col or, 
chromatically for tw'o: semiu|Michrnmul ic olijectives, possessing innrler- 
ate refractive indices and very mmll dispersion, in which a lens of 
lltiorite is sultstUuted for one of Uie gla®» lenses; apoeJiromatie objec¬ 
tives, porrected spherically for two colors,chromatically for lliree; and 
also certain monocUromaUc lenses for uw with light of one wave 
length only are avallafale for ovcTconting, at least in part, one of the 
ccin<litJons which tends to interfere with better resolution. Con¬ 
densers, alsjO, con be corrected for Imtb spheriml and chromatic aber¬ 
ration and RiuRt he achromatlc-aptanatie if the liglit winch enters the 
object ire httoconwonly fmm the specimen, for condensers with spher¬ 
ical and chromatic aberiittion ara unable to direct their entire cone of 
light upon the specimen. 

In addition to being us Iiighly corrected as possible an<] possessing a 
largo oumeriea] apcrttirc, au objective should also be capable of ude- 
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qunteJy magnifying 1 1 16 imuge, being Aided in Oiia by die oeulfir which 
abo »Tvea aI Unuis to coai|>6n$(ite for Uie defecb In chromatlo magnifL> 
cation which cntiuoi bo managed conveniently by blgh-power objec¬ 
tives, the magniheation of the final image being the product of the 
mognificudon of Uie objeedve multiplied by the magnification of tho 
oenUtr, An amplifier is sometimes inserted between the objective and 
ocular wluch causes the rays of light from tho objective to diverge to 
a greater extent, thus doubling the eeeo of the image. Mngnslicalioa 
may also bo improved by increasing (Jie tube length, by iaureasing Uie 
distance from which the imago is projected, and by altering the pod* 
tions of tile varioiu lenses in an adjustable objectivo. In general, tho 
greater (be magnification, the smaller will be the specimen field, but, 
as has bean stresed, high fmwors of magnification should always bo 
aeromponied by equally high [towers of lesalution, 

As we have seen, resolution in the ordinaiy light microscope is 
definitely restricted by a number of tutorrslated dements, Even when 
monochromatic light is employed, thero is always present some spheri¬ 
cal aberration with wliich to contend. True, better visibility of spcci- 
uiena is provided by dark-field microscopy in which tho specimen is 
viewed by tlie high contrast of its own scattered or reflected l>|^t 
against a dork field, although in tills type of illumination objects in 
the field most be well separated. Much fine detail and brilliant color 
of sfaicunims can be observed by means of the polarkuticm of lig^b 
Purthcr, it is possible to illummate the specimen with shorter and 
shorter wave lengths of light, tlie shorter the wave length of liglil used, 
iho more of the fine detail of the specimen which can be seen, hut a 
limil is reached here, also, for ordinary glass lenses are not itan^rent 
to ulttiiviolet rat^ However, in the ultraviolet micTOsropc, having a 
resolution twice tliat of the insfntments using 'Visibie light (Jie con¬ 
denser, objective, and ocular are alE made of quartz and, by substituting 
tho photographic plate for direct obfiervation, many excellent micro- 
graplis of numerous vimedes of organisms and eelliilar striictitreg can 
be made. But when viewed directly, nothing of the nature or stnic- 
iiine of lliospednten con be ascertained; only tho light scattered by tho 
specimen is disUngiiishible, tho suce of tho specimen being roughly 
estimated by tho amount of light rofracied. 

These seemingly unsarmonntable obstacles of the ordinary micro¬ 
scopes would appear to indicate that Abbe’s law and the contoilion of 
physiciata that “any object which i* fimnller than nne-hatf the wave 
length of light hj which It is illuminated cannot be seen In its true form 
or detail*' «ro doatinod to remain undofieidt 

BEDtJCTlON IN THEXJRBTICAL UMIT OF HJeSOLtmON BBSIONBTBATEP 

JJul Dr. Fraricia F, Lucas, of thr Bell Telephone Research Labora¬ 
tories, and Dca, Louis Caryl Oraton and E. C. Dane, Jr„ of Uu» depart- 
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tneot of geolog;, Buivard University, limre vary convindngly deinan- 
sLrnted a induction in these ihtioreiicKl limits of resolution tiud viaihility 
with their instrumeato, designed lor itsa in the visible light region of 
tJie spcctruiiL 

Hie Grttton.-i>iitie microscope is mounted on a dCO-kg. steel founda¬ 
tion bed which, in turn, is supported by six jiibbcr-iD<£heer marine- 
en^ne mountiii^i—this for Uw purpose of elimumting all vihration 
and insuring stability of parts, t wo factors upon which both men have 
laid gieat stress. Any type sounv, such as the carbon arc, metallic arc^ 
incandescent dlamcnt, PouiC-O'Lite, mercury vapor, or any of the 
special forma of moiiochramiitors, can he used for illuiiiinaling tlie 
specimen with direct and dark-held tnuemttled, vertical and oblique 
redacted^ or pohirizud lighu The mmge beam Itseif follows a straight- 
line pe^ ii^ passing from tlw ob|ective, the objective ranging itnywluiia 
from tiu) alioitesi to ihs greatest in vrafking distance, through the tube 
to the ocular, as lew lenses as possible being placed in its way. The 
spimJ'CUt rack and pinion which the stage and substage assem¬ 

bly in lon^ludinal tracks or gtlides con be oiicrated by hand or by on 
eicctrie motor and is Independent of the line adjustment^ also moior- 
driven, which moves only the objective and Lho carriage carrying the 
objective. Wliarcas mnuual operation of the fuie adjustment which is 
IW times more sensitive than tlmt of the ordinary instrutneiits neces¬ 
sitates SOO turns of the knob to move the objective a distance of but 
1 milliineier (an adjustment calculated to require a time period of 
minutea), by means of the motor it is possible to move the objective 
ai the rote of 0.01 mm. per second or 0.001 mm. per second, depciiding 
U|K>n which of I lie two speeds is desired, rapid luotinn being us^ when 
the image appears cousidenhly out of focus ami decreafUid speed being 
used when tlm imagt! seems to be reaching a point of jierfection.* * 

RcMilutiun lip to 6,000 diatnctenn and magnidcaliou up to 60,000 
duunctens have been achieved ivith this high-precision microscope 
which photographs or enables observation of lioth opaque and trails- 
parent prepaj^ations; to fact, polishing scratches measuring in width 
bat one-tenth tile wave length of light used tiave been clearly diatin- 

InrlMhlllil nnTtntiir lb#- fliw flifjlt4tni#Rt wmt frimtitprrlr MhlwtiBud Rtls-tt «■ 

tl*c^Teft4 tlh«l clitnjcti I-r lti« iRlifimit, wm\ rot tfrar chn»a« mtit furrEi^ hMilnan 

wHodnt)' tht- ini-wiisfoo of tlit tuiiTUnfOt,, |trtntl|k|g nraff«ic 4 lo J^ioj kj- 

K w. Viw, fdrmoTf^ of 111* fUrvttH ^nirEii*«r!iat ScHimiI. |>t, liRn* h^\^l tnd 
A ii*iA Hn^-AiSjBitaitnt drl»« ■» dulfTlnl fliAl, iA Dr, It, -^Pl lllrtl llift 

nf lb* lOKbADlnii wltlrfa itm MlA'RPEr, nod IbMfvfoiY mott pArf 

*1 tho HiOtlOft not IfcrauiMi tfun nr At*n» hth, bijC ^UTpItIi-IIaI 4 

tfalit 4if ApHnR-litfDH* wtilrH IhpT# tbf dnuhl^ idTioron of 4U fliftnt:* fer 

Pl«f or iMtfclAob ABd of DiwetPiLi B* p4i|irPatlon vliii tbi 

hrfr tlwtBl 1* plM^ g^r* Ldriil fniElw «a wUb tl» 

dfrlAilori 4 »b Trrj rnucD tiiltUiT Itmm I^M* ficoNt*4 111 onr orlgliaAl iwpt*. pajr 3f3. 
TIib e^cAtSao of ihm suvlittllM AvbellV*lf Of liBAit kub nr bf bAtor^f% 

4 n 4 tlu wUxtwnmm of moUoii, md hmu§ ib* pn€Am mtro] ov*f foow An fb* ***»■ |b 

kAV duLtm lA tA i 4 a dKL*^ 
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It is liitt upmiou of ixjth Dr. (initon und Dr. Dane tlmt 
£;ci>titiQ presmit-iliiy lenses are L'upable of boiler resolutioit Uiin 

rlainit.'d fur tljeiu by their maniiladurerB, it liavirig: been ibeLr csipori- 
iiner to itae objectives exhibititift sttpcrioi' ({iialittee of pestilutiun over 
diose of IdentIcitJ medinin and numerical aperture, proving tlisi not 
only have almciy ovailnble luases surpaased ibeir theureUcoi Umits of 
resolution, indiidling that it might be poaaible to iieaign objecUTes 
vrith still greater numerical siHirturua, but that the accepted Uiroty 
regnrding ttik resuJutton is sadly in need of revision. Dr. Lucars 
microscope udlkiDgan objecUve witli a numerical tipeiture of l.tKI, for 
injitance, in enitibiuatiou vritli monubromnapluileni! immemiim fluid, 
also yields leiiolutiun up to diiitncu>rs being, like ihe Gratou- 
Daue Ecope, a bigb-[n'ccuii(ni iitetnintmtl coiuitritcted with Ute idea of 
muiutBiuiiig uIrhiIiiIu stHbilily of partts. Dr. Lucas abo liiu eipressed 
doubt 03 to tl)e cvanplcte validity of the gitncraliy accepted theory of 
roBolutioa, 

In working with it high-pi'ec'ision ultruviolct micrucimera. into 
wJiiek n tricdlui' ilhi-r fiyiifiui Ims Wn incorporated, wbich be lias ju^t 
rvceutly purfovlcd, Dr. Lucas b able to obtain a minimum magnillfa- 
tion of dianictematn! a maximum nuigiiibcation of tSU.tMJtt diam¬ 
eters. iVltb tills iRBtrument it b pofstble to view living calls and 
orgatiisiiL", ni» staining ur killing of orgtiniiims being noces&aiy-, nntl 
Dr. Lucn3 has succeeded in obtaining excellent photoinicrograpbs 
(both Bijll aufi ujotioJi pictures). Of special sigtiibcanco to industry, 
for instance, U die abiUry of this i^oju- lo demonstrate the sixe, Elmpcv 
and rsaetiotifl in luntinn aiitl iiftiuiLy of tbc tiny particlaii of whiidi 
rubber la comptsicd under varying condiilons of temiieraturtf ate., 
ivliilu its iibiJity to reveal living rat and motwe Hareoma and imrcinnirm 
cells and lo deiuoJistrnLa the (ievalopiticiii and babsvior of tha syphilitic 
urguniaii U of far nmre tlmn avaiuge interest to medital sciance. 

Kiigland's Dr. .1. E. Barnard haa sucecaded in obtaining resnlutitm 
up to 7,atKJ diumeCtTii vcith Ida ultra-dark-fie Id scope in ivhieh he tisH a 
aombinoit illumiiiRtor, Itt this, an outer systam of gloEs acts as the 
itajuersion darkdielii illuminator while the. in nor imincraion tyatem of 
quartz maluH poaaiUU* tJie jia.-wogi-^ of h liansuiitted banm of Eight 
tji rough Uic siH'titne.tn Botii condetiArre liiivr iha same foena, on* for 
visible light, tlia nlhcr for ultraviuJitt radiation, and both can be 
rtoppwJ out at will. When, for instance, bacteria ore being oWrred, 
immai^ion enamet is made between the condenser ojid quartz flljde^ 
tlie dark-field illuminator lioiitg used, thus revtialing tlia Ijncteria with 
visible light. When the darh-Jieid illuminnu.r is clmied, however, u 
beam of tiltmviolet light may be directed up through the quartz oon- 
itonair and foeuwd tin the buctaria. llie object.glass, of course, Jms 
to be adjusted sinco it does not lw^sas tho same focus for ultraviolet 
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ihtit it does for vwiitlp light. Staining oi sp«cim*ns is tlnta rniT^Jt- 
^ary, making it posable lo secure photomicrographs of living miniito 
organ isnuL 

In uddition to tlitw four microscopes^ a fourth, bolotiging to the 
Caiiitdiitn Departtneat of Mines atid located at Ottawa* and almorst 
identical in principle and construction to that of Dra. Dane and 
Oraton, Ims demonstmted ability to attain ijquaily high rcmlution, 
ThiSi. lilia the sto^tcs of Drs. Dane, Gniton, and Lucas, ia fitted 
^^itll s tube for visual observation aUliough intended janiiily for 
niicropliotograpbiml work in tlie field of mfitallurgy. It is Dfi 
O raton’s belief, however, that Uia instrument and that of Dr. Dane 
might also be adaptahlo to tlje purjifwes «f biological resoarcli. Re¬ 
ferring, in tlie descrt|stioD of their “Precision, All Purpose Micro- 
comera'' (Joiini. Opt, Soe, Anier.), to the tiseesaity op “deairability’ of 
^rc^aomining the classicot conoeptiem of the limit of usefni magnifi' 
cation,''* Drs. Dane and Graton have this to esy: 

So loup ft* mnkfm iiccf»jiTr4 eftii-rfullnniil LEtnIf m tbITiI Btul iitfeiflj 
U. \bfn n-i** (ItilM littmllre towjutS Htit tJsiit llmU 

Ji^ppurfinUj BfknmfMed, thpffi im no kuowlLitli^ a* Ea liow Inf Aliead iN 

Lnu? iimli nmjr IIp- If prtffientHlnj ubjmiTta ilo irulHt*ttlta1JT toetipr itiiin ibi* 
lur J ib^KfiKli iJi H not rt'FvNiniaWe to mpp*' ihat **Qt}tt 

tn do bettw itIU nwr conc^trahlj jnpwmtl^ittT 

To sxich w. inquirj' th«rc cun he liut one toflical —an ai^ea- 

intent whiebj while perlia|is tint con^irral iti by nIU nnisLp for tho^ 
atimnlated to mote inleii&e inUrest anti effort by tJse jwflsibilitics of 
uncnverijijf new pcK^e further qtirstIntis; fnr^ if tins improvetntnl 
of one part results in the improved porforiiitince oi the whole, ia it not 
also tt^aonabJo to suppose that aJdltioniil chanffCfJs of fiddltional partly 
ch(iiij|e$ with respfiot t<-i principle imd mei.hod might llkewi^ 
boar friiiit 

THU UNlVmiiiAL JimUOiM^OPK 

ll tfi iio( only a etippn^itioii- but a I ready ^ in one instance, 

a very Huei5e^ful and highly wnimonilflble ayUlnvemniil. on the part of 
Dr. Raymond Ri* of Sim Diego* Calif.t ^ho, for meny ytars> 

has built and worhetj witli light mi€r<iiwpe» which l«r inirpasa tU<' 
theoretical limitationa of the ordinary Tam?t3'' of itutnitnant, all tli*^ 
Rife scopes posscs^iing superior ability to utluin high magnificniion 
with accodiponying high resolution. 'Ilie Isrgebt and moat powerful 
of Utr uruTersal microfloopef developed id cGOBlsta of 
partjg and is w railed b«au^ of its adaptability in aU firiJs of mictT>- 
scopical work^ lacing fully equipped with separate aiilistap cumiunfli^r 
imita for transit Led and monocUromatie dartfiehl, polar iacd, 
and slit-ultra illumination^ including al^o a special device for crjnBtal- 
lographj. Tha entire opbcai system of lenses and prisms os well as 
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the niummating unite are made of block>cT7istet quarts, qituti being 
espedaJIjr tTou^poreut to aUmviolob rodUtiona. 

Tile illumiufltjng unit iL<ieil for ommining the filtcmbl* forma of 
diaense organisms contains 14 lenses and prisms, 3 of which an in the 
highontensitjr tncandeacenb lamP) 4 in tlia RiEley prism, and 7 In the 
acfironuttic condenser which. Incidental If, has a num-mnii aperture 
of 1.40. Between the source of light and the specimen are sabtended 
two drcular, wedge-shaped, block-crysttLl quarts prisms for the pur> 
pose of pokrixing the light passing through the specimen, potarbation 
lieing the practical application of the theory that light wanes ribrate in 
all planes perpendivnlar to tlte direction in which they are propagated. 
Therefore, when light rotnea into rontact with a polarising prism, it 
is dirided or split into two beams, one of which is refracted to snch an 
extent that It Is reflected to the side of the prtsm without, of course, 
passing tlirou^i the prism while the second ray, bent coiisiderfibly less, 
is thus enabled to pass through the prism to iUummste tlie specunnn. 
TVlien the quarlx prisms on Uie nnivoreal niicroBCopo, which may be 
rotated with reraier control through 360*, are rotated in opposite 
directions, tJiey aenre to bend the tron?mitted beoinii of light at variable 
angles of incidence while, at the same time, a spectrum Is projected 
np into (he axis of the microscetpe, or rather a small portion of a speC' 
tmm since only a part of a band of color is visible at any one timo 
However, it is possible to proceed In this way from one end of the spec¬ 
trum to the other, going alt tlw way from the infrared to tlie ultra- 
vinlct. Now, when that portion of tlie spcctnim is resched in which 
both rhn organism and the color band ribrate in exad: accord, one with 
the other,a dcfliiitecharacteristic spcctmin is emitted by the orgtinieni. 
In tho case of the fitter-passing form of the BacMvi for 

instance, a blue spectrum is emitted and the plane of iiotniizstion 
deriated plus 4.3*. Tlie predominating chemical constituents of the 
organism are next ascertained after which the quartz prisms are ad¬ 
justed or ret, by means of vyrnier control, to minus +.R' f again in the 
core of the filter-passing form of the BtmUtu so ihot the 

opljoste angle of refraction may be obtained, A mnnochromaLie 
beam of JigJit, corraqionding exactly to the frequency of the organism 
(for Dr, Kile has fotin<l that each diseasa organism responds to and 
has a definite and distinct wave length, a fact ronfimnul fay British 
medical research worlteraj k then sent up through the epecimen and 
tho direct traniunitted light, thus enalding tlta observer to view the 
organism stained in It* tnie chemical color and revealing its own 
individual structure in e field which is brilliant with light. 

The objectives used on the nniversol microscope are a 1,12 dty lens, 
a 1.16 water immersion, a I.IB oil immersion, and a 1.2JS oil Immeraion. 
The rays of light refracted by the specimen enter the objective and are 
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lImd c&rried up the tube in. p&roJiel rayu throu^ 31 light bends to the 
oculer,«. tolenoce of less ihui one wave length of yisbie ligta onlj 
being pcimitUd iu Lho core beam, or chief my, of illuminaliou. h’ ow, 
instead of die light myt starting up the tube in. e paralleli fashiun, 
tending to con verge os they rise higher and hnally eroosing eocli others 
arriying at the ocular ceparated by oonaidenblB distance as would be 
the case with an ordinary mlctoecope, in the universal tube the rays 
oloo start their rise purallel to each other but, just as they are about to 
crosB, a epocialtj designed quartz prism is inserted which serves to 
pull them out parallal Bgaiu* another prism being mserted each time 
the rays aie about ready to cram, Those prisms, inserted in the tai)e, 
which are adjusted end lie Id in alignment by mlcrouicter screws of lOd 
threads to the inch in special tracha luada of magnelium (uuigueliuiu 
having the closest codneient of expansion of any metal to quartx), are 
separated by a dlstancp of only 30 millimeters, Tlins, tlic greatest 
dikance that the Image in the universal is projected thioiigh any one 
medio, eiUter quarts or air, is 30 tnilUnjetors instead of die 160,180, 
or 100 tniiUmiHata as in the empty or air-Blled lube of on urtiinacy 
miczuscoiw, the total diatanco whidi the light rays travel xigzag foahiun 
through the uniTetoa! tube being 449 millimetera, although the physical 
length of the tuba itself is mlUimeteia, It will be nKoiled that if 
one pierces n black strip of paper or cardboard with the point of a 
needle and then brings the card up cloeo to the eye so that (be hole is 
in the optia ftvia, a small briiliaotiy lighted object will appear larger 
and clearer, reveling more linD detail, than if it were vkiTed from the 
zaiue dbtauce without tile a><,^ktanve of the card. This is explained 
by the fact that tim Imuuu of light passing through the card is very 
narrow, tberayB entering the eye, tlierefore, being practically parallel, 
w'heroaa without the card tlie beam of light is much wider and the 
ditfusion circles mudi larger. It is this priudple of parallel rays in 
the unirereal microseojjc and the rasuUont shottaning of projection 
diatance betwceai any two blocks or prisma plus the fact that objectives 
can tiiua l>e sulwtiiuied for oculars, liieoe ^‘ocutara'* being ihrae matched 
pairs of lO-tnillimeter, T-nuilimcter, and 4*nuUinictcr objectives In 
ohort mounts, which make, poeaibls not only the unusually high mag* 
nldcaLion and reiuluLion but which serve to climiimte all distortion as 
well aa ell ehnuuntii: attd spherical aberration 
QuatiasUdea wiih onpedally tliin quarta cover glasses are used when 
a tissue suotiun or culture slant is exaniinrd, tlw tissue section itself also 
being very itun. An additional oUservational tube and ocular which 
yield a magnification of diamoteia are provided so tliat that por¬ 
tion of the specimen which it is desired shotild be exatniiied may be 
located and so that the observer can adjust himaell more readily when 
viewing a oection at a high magitiflcatinn. 
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tLe illnmiDAttiij^ imita sro nutdc of block-ci^Gtal (jaartKf (lUAitc being 
ispedaUj tnns|iareDt to uUrftvicilqt radjaLionsi 
I'bo iliuminiifiiig unit lued for G:iftiniri)ng tbo HUerablB forma of 
rli^eose orgnnisne contains 14 lenses and prUms, 3 of which a» in lha 
high'intensity incandeacent lampt ^ Risley prism, and T in the 

aclirci’inatic condenser which, incidentally, has a numerinl aperture 
nf L-W. Between the source of and the specimen ate subtended 
two circular, wedge-shapedt btock'Ciyalat quartz prisms for the pur> 
pose of polarizing tlie light passing throu|pi the specimen, polJtrizAtion 
being the ptacticaj application of the tlieoty that Ilgtit wav^ Tihrnta in 
all planes perpendicular to tlie dlrectioti in which they are propagated. 
Therefore, when light comes into contact with a tmlariamg prism, it 
is diTided or split into two beams, one of which is refractod to such an 
extent that it is reflected to the side of the prism withont, of course, 
passttig tlirougli the prism white the second ray, bent considenbly less, 
la thus enabled to pans Uirough the priam to iUummato tJie specunam 
litHtcu the quarta prisma on the tmiTOhm] microscope, which may be 
rotated with mmier control through 300^, are rotated in opposite 
directions, they serve to bend the troitamitted beams of ligiit at Tarioble 
anglea of ineidenoe while, at the same time, a spcctrmn is projected 
up into tiia axis of the microscope, or rather a small portion of a spec* 
triim since only a part of a bond of color is visible at any one time. 
However, it is possible to proceed in this way from one end of the spec¬ 
trum to the other, going all the way from the infmred to the ultra¬ 
violet. Now, wlwn (hat portion of the spectrum is reached in which 
both the organism and the color Iwnd vilirate in exact accord, one with 
tlte other, a definite chamcteristii: spectrum isemitteil by the organisri. 
In the case of the filter-passing form of the Beciltm typKo&uay for 
instance, a blue spectrum is emitted end tlie plane nf polarization 
deviated plus 4.3". Tlie predominating chemical constituents of tlie 
organism are next ascDrtaioed after which the qtinrlz prumu are ad- 
Justed or set, by means of vernier control, to mimia 4.8® ( again in the 
cose of the filter'pa'edng form of the Baciiivt so that the 

opposite angle of refraction may be obtained, A monochromatic 
beam of light, corre^amiting l■xartly to the frequency of the orgunlam 
(for Dr. Rife has found that each discare organism responds to and 
luiB a definite am) ilioLlnct wave length, a fact conlrnTieil |jy Dritiah 
medical research woritera) is then sent up tlirough tlia specimen and 
tlie direct tmrtaniilted light, thus enabling the observer to view the 
organism suined in its true rJiwnlcal color and rovealmg iu own 
individual structure in a field which is brilliant with light 
The objectivea used on the tuiivcreal microecopo are a 1,12 dry lens, 
a 1.16 water imiiicreion, a I.1B od ttritnafeton, and a 1,20 nil immersion. 
The rays of light refracted by Ihoapeciman enter (ie obioctive and am 
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tlifn cAtiied up the tube in perdlet rAys llirinigb Si light bends to the 
ocuUTi a tolerance of less than o:ie wave length of visible light onlj 
ticing pennitted in the con beam, or chief ny, of illiUnitiatien, NoWf 
instead of the light rays starting up the in a paraiLel faatiiuii, 
ten ding to converge as they rise high^ and flnalJy crusring each otheri 
arriving at the ucular separated by oonsidarable disLauice as vrotild be 
the case irith an ordinary microscope, in the universei lube the rays 
also start their rise parallel to each other but, jnst as tliey are about to 
cross, a specially designed quartz prism is inserted ivlucli serriis to 
pull them out parallel again, another prism bdng ineened each time 
the rays ate about ready to cross, ThoEe priamis, inserted in ihe tube, 
Trhicb arc adjusted and held in alignment by micronimer screws of 100 
threads to the inch in special tracks made of mogudium (magnelium 
having the closest coeIBcient of expansion of tuy metal to quarix), am 
separated by a dislance of only 30 miUiinisterB. Tims, tho greatest 
distmice that the image in Uie uni^iersal is projected tluougii u^y one 
meduh either quartz or air, is 30 mlllitnoitors instead of the iQCi'i 160, 
or 160 luiilluietvra as in the empty or alT'dlled tub« of an ordinary 
niicroocopo, the total distanico which the light rays Imval zigzag fashion 
through the universal tulie being 449 milluneten, allitough the pliysical 
length of the tube itself is S29 mlilimetei% It will be rwalled that if 
one pierces n black strip of papier or cardlioard with the pioint of a 
needle and tlicn brings the card up close to the eye so tliat the hole is 
in the optic axis, a miaU brilliantly ligiited object will appear larger 
and clearer, revealiitg.Euure flue detail, than it it wore viewed from the 
Hiiue dUtance without the ossbitauce of tlie card. This is eaplatned 
by tlie fact that the beam of light pasring dirougli tlie card is very 
narrow* the rays entering the eye, tlwrrforc, being practically parmllol, 
whereas without the card the beam of light, is mncli wider and the 
diffusion circles much larger. It is this principls of parallel rays in 
the univeml microacups and Ihe resultant slWLaning of projection 
disUnce between any two blocks or prisms plus the &ct Uiat objectives 
can thuii lie subetiluted for ucuiira, these *^oculara’' being three matched 
pairs of lO-roillimetcr, l■taillinletc^, and i^milliroeter objectivos in 
aliort mcuiiits, which make |K>6sible not only the unuFually liigh mag¬ 
nification and reailndon but which serve to eliminate all distortion as 
well as all chramatio and splierical aberration. 

Quarts slides wiili especially tliin quartz cover glasses ara used when 
a tiasufi sect ion or culture irlanl is cjumitned, tl>c tiosue station iteclf also 
being very ihln. An additional ohservational tube an<l ocular which 
yield a magnification of 1,800 dianicters are provided so that tliat poi^ 
tioi) of the specimen wlilcli it is derired should be examined may be 
located and so that tlie oUmner can adjust liimseEf more readily when 
viewing a section at a high magnificstion. 
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Th« itnivct^ stage Ib a ilouble rotating ftago gnidustt'4 Uirough 
860’ iti iiuarter-iDJiiiite arc divisions, tbt upper scgmeni carrjfing 
tlie mecimnical stage baviog a rnovcnieiit of 40*, die body assembly 
wbidi ctiti be moved hoTbsontuOy over tile condenser also having an 
angular tilt of 40° plus or »T» Heavily constnicied juints and 
soraiv adjust meiita niaintniii rigitlity of tha microacoi>« wliich urdglte 
SOO {wuhda and stands £4 inches high, the bases of the scope being 
tikkd cast'Stael pistes^ accurately surfacedf lUid cquipi>iK] with tliree 
leveling screvsB and tvro spirit levels set at angles of •HJ*’. The coarse 
adjustment, a block thread screw with 40 tiiresds to the inch, slides 
in a dovetail which gibs directly onto tlie pillar post. Tiie weight 
of die ijuadruple nosepiece and the objeclivo system is token care of 
by die intermediate ailjufitnjtnl at die top of the body tube. The 
!itnge, in conjunction with a bydrauHc lift, acts as n lever in oiwmting 
I lie dm adjustniiint, A tt-gniige screw having lOtl direads to die inch 
is worked through a gland into a hoUotr, g]}'Ocrine‘6llcd post, die 
gtycerine being dtepincvii and roplacvd at will os the screw is turned 
clockwise or onttolodcwiEie, allowing a A*to*l raito ou the lead screw, 
'tills, lueordiitgly, assures comptete abooiice of drug and inortb, 
hna adjustment being *00 times mare semitive^ than iluit of orditiity 
niicroscopes, the leiigtJi of time rottuired to focus the iinivcmi ranges 
up to IV^ hours which, while on dm com]duration, may seem u dis< 
udvantage, is after all but a slight inconvenience when compared 
with die many years of research and the hundreds of Uiousatids of 
dollars s[>ent and being spent in an elforL to isolate and to look upon 
disaaBO*<;auisiiig organUms in their true form. 

Working together back in 1031 and using one nf the linudler Kite 
microacofxs having a nuigniflcation and resotulion of li,tKX) diameters, 
Dr. Rife and Dr. Arthur laiiuc Kendall, of the department of hac- 
teriolugy of Nortliwesiem University Medical School, wetu able to 
ubficrvo and demanM.rato the prestnicc of the filter-passing furms of 
BactUxm tyjthona. An agar tdont (nilturc of the ILnwliiigs stnun of 
Becillm was first pi^jiurvd by Dr. KemhUJ and inoi-ijIatiaJ 

into 0 oc. of ‘"Kendall” K Medium, a mediiirn rich in protein but poor 
in peptone and coiututing of lOb nig. of dried Img intebtine and 6 cc. 
of tyrode solution (itmtaiuing neitlirr glucnee nor glycerine) which 
miaturi' U sliakcii tvelj ua lo moisten the dried intestine powder 
and tlian uTerilixed in the nuloclave, 15 pounds for 16 minmes, aXtora- 
Uoiis of the medium being fretjacntly nMcssai^ depending ujain the 
miuireiiientH fur different organisms,' Kow, Hficr u |jerioil of Iti hours 
in this K Medium, Uh- culture was pu^ed through a Berkefeld ‘‘K" 
filter, u drop of tlu? filtrate being added to anotliur G ce. of K hlodium 
and incubated at UT* C. Forty-eigiii hours let ei- this eaiJJlO; pi'OC€i&9 
w« repeated. Uie “K” filter again being used, after which it wua noted 


NEW MiaioscoPEs—BmFf:L and winteb 


211 


hliBi tile ciilturfi' no logger rcsiKjDflcd to poptoiiftmodinm^ growing now 
only in the pirotein niwliiim. Wlieii ugabii wiU^in £4 hours, tU^cnUtiJ^ 
W 113 ptu^j**d through a lilt cr— the fitittet Bcrki.^fe!cl '^YP* & drop 

of the filtrate once mniio added lo 6 cc. of K Miidium and iiicohated 
at u poriiKl of 3 lUjw dnpsing before tlie culture was tran$fcrrc<l 

to K Meilium and jtt another 3 ilnys before a new mliurG was pre- 
parwL Tlieti, viewed under an ordinary mierDseope^ these cuSturi^ 
were observed to turbid mtil to revpul no bactlli wlnif^oevur. Wlien 
rioweil bj meaim of dark-fidd iUummutiou and oit-imineraoii lens, 
however^ the presence of smnU^ urtircly mulile grannies wafi cirtah- 
lishei:l. althnttgli ttotliing it ail of their individiini gtructurt could bt 
aseertainfKl. Another period of 4 days wpe allowed to claps? h&fcfte 
these ciilturesi were transferred to K Mcidium and incubated at C, 
for 24 Iiours wiien they were then examined under the Hife ndcrosCDpe 
wtiere^ da wtte mentioned earlier, tlie filterable typhoid bacilli^ emitting 
a blue sjwr(nttn^ caused Uto jdaius of jwUriaaUfin to bo deriated pluR 
4i!“p Then wlm\ the opposite angle of refraction wm 4 obuined by 
meam of ad jutting tbcpolurizingp^nsn^ to minus 4*6^ ami Uit^ culture 
itliiminatcd by a monochromatic beam coordinated in ftwptency with 
the cliemica! constituents of the typlioid bncUlus^ smalh omL actively 
motile^ bright tortiiioiae-lilue bodies wcirc oWrred at a magnification 
of fy^GGO diometorSf in high eontrast to the colurless and motiouless 
dsbris of the medium. ob^ervaliona wore repeated eight times, 

tile complete nbeence of tlfeee lindiea in nnincciilated cunirol K Media 
fklm behig noted^ 

To further confirm their findings, Di^ Blfe and Kendall next 
ejcamiiicd !8-hour^Jd cultures which had been mocutated into K 
Medium and incubated at 37^ r., einizi! it Js jiist ai thisaiage of growth 
m thifl niediom and at thia lemporature that Iho eultures 
Qllenbk- Ancb iia had ticen sntidpatedi ordmary dark-field e.i- 
ammatimi revcaleil iztichangcd, long, actively inotita InLciih; hncilli 
hitring eranultis within their sulritance; and froe-swimming, aciiTCly 
motile gnmule^; while rnider tha Rife nncnisco|»e were demonstmted 
the ^amo long, unehanged, almost colorless bacilli t Imcilti, practicaUy 
colorless, inside and at one end of which wea a turquoiae-hlua gtauulQ 
rfle»mhling Uie filtcrmUlc fomw of the typhoid badllua^ and frce-iwim- 
ming, amallt oval, actively motile, lurquoiac'btue granules. By tranp^ 
planting rhe mltur^ of the filter-paSEung organiKffUi or tiruB into a 
hroth, they were seen to change ovor again into thoir original rodlike 
forma. 

At the iiame time that xhi*m fiisdings of Dr& Rife and Kendall wore 
confirmed by Dr. Edward C Rosenow^ of iha Mayo Fcuudatmii, the 
mngtuflcjition with accnmpanyhig jwolutinn of 8,(K>0 dianieteni of ihe 
Kite micn^acope, operated by Dr. Rite, waa chederd igaiuvt a dark^ 
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fl€lil oil-inuncrsfon Kop« crpemted by Dr. Kendall and an ordinary 
S-mm. ofl-inuiiendoa objectire, X 10 ocular, Zdsa ecop* operated by 
Dr, Koseuciw at a magnifieaUoD of WO diameters. Ea nmma lioita of 
gmm* and eafranin-stamed films of cullures of BacUlw iypAoiua, 
gram' and safranin-stainod films of cultures of tlio streptococcus fran 
poltomyelilia, and stained films of blood and of tbs sediment of the 
spmal (lujd from a cose of acuta pciUomyelitie were mode with the 
result that badlli, struptococri, erythrocytes, polymorphonuclesr 
leukocytes, and Ijrmphocytes measuring nine times the diamoti^i* of the 
soma specimenB ohservied under the Zdsu scope at a niagnification and 
resolution of WO dlametors, ireru rov'eated with unusual clarity. Seen 
under i.he dark-field microscope treiif moving bodies presumed to be 
the filleriiblfi turtjuoise-blue bodies of the typhoid bacillus which, as 
Dr, ilo^now has declared in his report (Obscn'ations on filter-passing 
forms of JTforfiielfo typAt—BacStiia typAfiortf^and of the aitrepiococ» 
CHS frotu poliomyelitis, Proe, Staff Meetings Mayo Clinic, July 13, 
were soSnmistttkably tlemouetrated'’ with the Sife microscope, 
while under the Sfeiss bgoxk! stained and hangtng-drop prepartitioiiB of 
clouded filtrate culturra were found fo be uniformly negatire. With 
the Rife mitfoscope also were demonstrated brownish-gray coed and 
diplocucci in htmging-drop preparations of the filtrates of strepto¬ 
coccus from fH)ltomyditia, Itiese coed ant] diptocoed, similar iik sire 
and shape to seen in the cultures altliough of more uniform in¬ 
tensity, and diaracteriiiiic of tiie medium in which they had been 
cnktTntcd, trere snrmutided by a clear halo nbonl twice the width of 
that at tlie margins of the debris and of tiie Batiitlm typhofsvt. Stained 
Aims of filtrates and filtrate sediments examined under the Zeis micro¬ 
scope, and lumgmg-drop, dark-field prepaTatioiis revealed no organ- 
buns, however, BrownisU-gmy cocci and dlplococci of tlia exact same 
sieo and density as tho^ nlKiervihd in the filtrates of the sl.rcptoeoccus 
cultures were also revealed in hanging-dmp preparatioim of the rims 
of poliomyelitis imder tha Bife microscope, wiiile no organ isms at all 
could be seen in either the stained films of filtrates atui filtrate aedt- 
meiita examined with the Zeiss scope or in banging-drop prepara¬ 
tions examined by means of the dark-field, Ag^ln Hiring the Rife 
microscope at a majpiification of HflOO diameteia, numeroiia nonmotila 
oocd and diplococci of a bright-to-pal* pink in color were aeon in 
hanging-drop prepantiona of flltiaies of Herpes encephalitic vims. 
Although these were observed to he comparatively smaller than the 
coed and diplococci of the streptococcus and poHomyalitic viruses, 
they were shown to be of fairly even density, oixe, and form and sur¬ 
rounded by a halo. Again,both the dark-field and Zoia impw failed to 
reveal any organisms, and none of the three microswipee disclosed the 
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presence of such dipliMzocd in hanging-drop piM>pftmtioiis of ths Bltratt 
of d »ormal rabbit brain. Dr. Kosioiiuv hait einev ravedoti Llic<# organ' 
Uros with tliB ordinaiT nitcroKope at a mogniflcatioTi of I^MJO diam- 
6iexs by Dt«ans of liis spociat stnimng method and Tvith tbe ekctron 
joicroacope at & magoJlicjition of l£!,00a dianietors. Dr. Kooenow bus 
repressed the opinion Hut the Inability to see these and other similarly 
rvvetdcd organisms is due, not nuoeesarily to the miiiuteuass of the 
orguuietue, but rather to the fact that they are of a uoiiutainiug, hyaline 
stracture. Hesulte with the Rife microscoti^, he thinks, are due to 
the **iiigen!ous methods employed rather than to excessively high 
uiagnihcadoa.'* He has derlared also, in tho report roantioned pre- 
vioualy, that ‘^Hxaminatioti under the Rife microscope of specunaita 
coutainitig objects viaibli; with the ordinary microscope, leaves no 
duubl of Ills accurate visiuLucatiou of objects or particulate matter by 
direct observation at the extremely high magitificAtion ublained witii 
this instnuuetiL” 

Exceedingly high powers of magniiication with accompanying high 
|Wwero of resolution may be realised with aiJ of the Rife microscopes, 
one of which, juvuig magnificat Jon and resolution up to lfi,000 dlum'’ 
filers, b now being uaed at the British School of Tropical Bfedlcme in 
England. In a recent damaikainition of anutlier of tlie smaller Rife 
scopes (bfny 10,before a group of doctors including Dr. J. IL 
Renner, of Santa Barbart, Calif.j Dr. Roger A. Schmidt, of San 
Francisco, Calif.; Dr. Lota Bronson Slade, of Alameda, Calif.; Dr. 
Lucile B. Larkin, of BeUin^uun, Wash.; Dr. E. f. L&rkm, of BeUing- 
ham, Wash.; and Dr. W. J. Gier, of San Diego, Culif., a Zeies ruled 
grading woe examined, first under an urdinary commercial micro- 
scope equijypcd witJi a 1.S ingh dry lens and X IP ocular, and then 
under tlie Rife microscope. Whereas &U Una worn revealed with tlm 
commercial instrument and considerable abcmtion, both chtomatic 
and spherical noleil, only $ lines were seen with tlia Rifa scope, thsso 
5 linos being so highly magnified that they occupied the entire field, 
witliout any aberration whatsoover being apparent. Dr. tleruier, in a 
discue^on of hia obsciTatioiia, stated tluit “Tlie entire field to its very 
edges and across the center bad a uniform cleambis tlial was not true 
in tlie conveiiLitum] mstrument.^ Following tlie cxamliuition of the 
grading, an ordinary unstained blooti film wasoboemitj utidiir the same 
two microscopes. In this instance, 100 cells were seen to spread 
throughout the field of the ctitntnerclul instrunicut while hut 10 ceUa 
fiUtKl the field of tlie Rife scope. 

Tlie univcroal microscojie, of course, is the ino$<t (Mwcrful lUfe 
scope, poeatijaiug a reKilution of diametera and magnification 

of efifOOO diameters. With this it is possible to view the interior of the 
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cells, titow cella sitiwted between the uni juai liisiie cel La 
and just visible under tile oriUnary mitsuscupe, and lo observe the 
snuitler ccUb wbidi compose the interior nf these pin-point cells. 
When one of these snuilier cells is mognibed, still smaller cells are seen 
witliih its 9 t ructure. And whim one of tike still smallor cells, in its turn, 
is magulhed, it, too, is seen to be compuaed of GuudleT ceUs, Encii 
of the Id iitnes Uiis process of [ungiiUicatbu and resnliitian con bo 
twpeuted, it ie demonstrated that there ore smaller cella within the 
^ualjtsr cello, h fact wliicb amply tebtideo os to the luognification and 
resolving ^jower obtainable with the untweal microscope. 

More tli&n SO.UlMt laboratory cultures of carcinoma were grown 
(knd studied over a i^eriotl of 7 years by Dr. Kife and his assistants 
in what, at ttie time, uppeered lo be w fruitless effort to isolate the 
filter-passing lonut ur virus, *>vhiL-h Dr. Bife beiiaved to be present in 
this condition. Tiien, in the reactions in growtli of bacterial 
Giiltorea to light fitini (he rare gasses was observed, indicating a now 
approach to thu problem. Av-cordingly, blocks nf tissue oDe^half 
centimeter si[uarc, token from on tmiilcoiited breast carcinoma, were 
placed in trip|e.sterillKed K Mciijum and these cukuroa incuhiited at 
37® C, When no results wpre forthcoming, ihe culliwi tubes were 
plucoil in a circular glass loop fiUed witli argon gas to u prceiiure of 
14 millimeters:, and a cunaut of S^IXN) volts npplied for 94 hours, after 
wliich tho tube® were placed in a a-incli water vairuuai and incubated 
at 3T® C- for 34 houTfl. Using a specially designed 1,13 dry kus, (ajiml 
in uniplitutle of msgtiiflciitioii to the 9-mm, sjiuchromAtic oU-immar-' 
ston Idus, iht cultures were then examined under the miivurHil micro¬ 
scope, St a muguiCcalion of lOiOOO diameters, where very much ojii* 
mated, piirplish-rud, filterahlo forms, measuring less ilian (ine-tweu- 
tietU of a miciun in (limcnaion, were ohserviMl, Carriitl through U 
tnuusplants from K Medium to K Medium, this B. X. virus remained 
ciiijstant; inocttlatctl into 490 Albino r/itts tumom “witli all the trua 
pathology of neopiatuic irsstia'’ were devdiipeiL hlxpcriments con¬ 
ducted in the Itife habomtorica have cstabJkhcd the fuel that tiiftpe 
dutracieriStic dtplococci are found in the Uond momicytea in SHI per¬ 
cent of oil caeca of neopJojiUc diseases. Xt has also iw«n dumuiiatrated 
that the virus of cancer, like the viruses of other diaefueii, can be easily 
diongcd from one form to ttnutherby means of alien ng the media upon 
whidk jt is grown. Witli the flrrt ebange in modia, the B X virus 
becomes coiu^iaerahly riilarged altliough its piirpliati-red color tomnuui 
luidmugwl. Obaervatioii of the orguntsiB witli an ordinary micrtwoiie 
u made pofeihle by a bkoiuI altGratioa of the media, A tliinf change 
« undergtino upon usparaguB has# media wherv die B, X. vim# ia 
tronaformod from its fiki^rabls stale ituo cryptomyc® pleomorpbift 



NEW MlCilOOCOl'^se-—AND WJNTEB 


215 


fungi, thesB fungi being iduniicai tuorphologitdly both mncfowopi* 
caJIy Htid microscoplcftliy to chat of the orcbid and of tbe muBlmxtnL 
i,tnfi yet a fouilii eltsugo may be said tc* take place when this crypto- 
myces pleamucphin, tHurmitted to stand as a stock culture for the period 
of nui>«»*nftiaj becomea the well-knovni muKogaiiV'COiored 
ccU. 

It ie Dr. BifeV belief that *U micro-organisms fall iuio I of not 
more than 10 individual groups (Dr. Kosenow has stated tliat some n't 
the viruses belong to the group of tho atreptococciu)), and that any 
alteration of urtificinl media or sligiit mstabolic variation in tissues 
will induce an organism, of one group to rhange over into any other 
organtsui included in Chat sanir group, it being poaaibk*. iiicidontimy, 
lo curry such, changea in media or tisanes to lUe point vrhere the or- 
ganisuis fail to respond to standard laWratoiy motlioda of diagniMis. 
These chatigre can be maile to take place in as short u iwrioJ of time 
as 48 houra. For miaaiice, fay altering the medio--^ parts per million 
per volume—^the pure culture of mahogany-colored BtjciUitt cof* be¬ 
comes tlie tuix|uoise-blua ItaeiUu^ lyphMitn. Yimaee or primordial 
cells of organisms which would ordinarily require an S-wi^ek incuba¬ 
tion iieriod to attain tlieir dliemble state] have hccn shown to produce 
disease within 8 days* time, proving Dr. Uife^s contention tiiat the 
incubatiem peri cat of a mirro-organiem is realty only a cycle of rever¬ 
sion. lie stutes; 

lo realltf. It la ain thr tatetetta iI*iu»tHi|vea tUat tmuluise tlm Ul.'MiaM', InU wi‘ 
biiilete It la Uw chemlctiJ «itiallttn?ura of diiT.=*.> mleroorfuilMua ermctlita up>iu 
Lba uiilmljiiii.'ed in’ll oictalnllsiu at Ilia liumaD IxtOir t)uit In uctaallty ftniUace tlu- 
(IfMUie. tVa alas bellirrc tf tli« metaliollHii of tbe liomuii twHlr I* prtfi’cttj twl- 
aiteed or polawl, tt la iin«ccj)Ub1i» to oo Ultettar. 

In ctiicr words, ihs human tiody itself is chemical tit nature, being 
cnmpi’iaed of many dwinirol deiiufiira which provide ihe media upon 
whidi tlie wealtli of harteria nnmulty present in the human system 
feed. These bacteria ore able to roprodnee. They, too, are compoe^ed 
of chemicals- llivrefoivi, if the media upon which they feed, in this 
instance the chemicals or some portion of ihe chemirats of tbs human 
body, bcoome changed from the normal, it stands to reoiion that thesa 
aatuo bacteria, or at Ivaist curtain tiumlier» of titem, w ill qUm uhtlergo 
a change chemically sinw they are now feeding upon media wlitch 
an not nonuat to them, perhaps being supplied with too mudi or too 
little of what they nceit to maintain a iiornial existence. They change, 
passing uiiuaiiy tlirough Severn I stages of growth, emerging dnslly as 
some entirely netr entity’—as diffi'rotit morphologically as are the 
caterpillar and the htittorily (to mie on illustrolitni given as). The 
tiiajnrity tif tile vinUKa have been definitely revealed os living organ- 
isms, foreign organisans it is true, hut which once were normal inltih- 
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itaoiii of the humna body—living entities of ff chenucel netorc or 
compoaitioiL 

Under the nnmrsd microscope diseese organisms such aa those of 
tuberculosis^ csncer^ esrconm^ s^eptoooccus, typhoid, stephylococcu^ 
leprosy, hoof atid mouth disease, and others may be olwerred to sue* 
cumb when esposed to eertain lethal frequondeSt coordinated trith the 
particular fts<iutmci(!a peculiar to each individual organiam, and di¬ 
rected upon tliem by raya covering a wide range of waves. By m^Liis 
of a camera attaciinwnt and a moiion-piclure camera uot builL into 
tlio instrument, many *^11^’ micrograplis as a^Ii as liundreds of feet 
of motion-pictura film bear wiUieea to the complete life cycles of 
numerous organisms. It ahonld be cmphosiEcd, perhaps, that invari¬ 
ably tlie same organisms refract the same colors whan stained by 
means of the monochromatic beam of Ulumination on the muverBal 
microscope, regardless of the media upon whidt tliey am growm Tlte 
virus of the /ypAotua Is always a titrqubiso blue, the BaaUxa 

<oii always titahogauy colored, the Mf/vobactmim t«pra6 always a 
rtiby shade, tlte filter-passing form or vims of ntherculosls always an 
emerald grecA, the virus of cancer always a purplish red, and so mi. 
I’hus, wltli the aid of this microscope, it is possihla to reveal the 
typhoid orgnnlsm, for instance, in the Hood of a suspected typhoid 
patient 4 and 9 days before a Widal is pusitiva When it is desltod 
to observe the tlugalta of the tyrphoid organism, llg salts are used 
as the medium to sea nt a magnification of 111,000 diameteiiB. 

In the light of the amazing results obtainable with Lliia universal 
microscope and its amallsr brother scope?, there ton be no doubt of 
tlie ability of theee insirumemts to actually reveal any and all micro* 
oi'gaaiHms according to their individual struclure and chemical con¬ 
stituents;. 

With the aid of its now eyes—iJis new mteroECop^ ail of which arc 
coniiuually being improved—science hue at last penetrated beyond 
the bouudary of acoepded theory and into the world of the viruses with 
tlie result that we can look forward to discovering now treatments 
and methods of combating the deadly orgnnisnig—for science does 
not rest. 

To Br. Karl K. Darrow, Dr. John A, Kolmar, Dr. ‘WUliain P, Lang, 
Dr. h. Marton, Dr. J, H. Renner, Dr. Royal B. Rife, Dr. Edward c! 
Ro&enuwI fir. Artliur W. \a]e. anti Dr. V. 1C, Zworykin, we wish to 
eipnefs our appreciation for the help and information so kindly given 
us ami to express our gratitude, also, for the intenst aiiown in this 
effort of brining to the attention of more of tJio medical profeadoo 
the possibilities offered by the new microeoopes. 



5fKW MICROBCOPE&—BEIUKI- AJJP WINTKB 


217 


PIHUOaKAPHX 

A3cm»O0i« T. r, Md arttuct, W. 11 

1011. A itu4f ^ meftB* of tba flectfoD mlcraKxjpe 4Kf the iwtl04i l]«twecii 
(4>bB«co inosak vUm «Ad Its auUkiiiiil Jmm. Cba&i wl- 
130, Ko, 1, m-4^ 

Ammksm. EL Kh Da<1 

lOSfip Thf modUntiEmi fif fUitiir«H Belt A B<mi, I/d., LondCFO. 

Batsuah, J, CALvnr^, 1L Sdd CiiAicnWt L. A. 

IfHt OpUciU iitudy nt tM r^Lirtioti tHttmn trsfiKferred mcmfiJAjtn oi 
JAiiccfleld's “11* lulbstiLiic# mnU Tsrl^ni Jimm. Immnno).. 

toL 41 tr^ 3£t^^ 

Btvrolf, B. F- 

1040 . The eiectnia I 3 ilcrtwx)p& (Voc. K 07 . CsiMidtAa toL Si per^ ^ 

F^MCk 

DASitaw, Kml K. 

IfiSO, The T Tmtik—ii m- of [dljAtcA UpfrniM In ti G&. 

Dvpra, H, H 

m^L MoTt« oew oj-n mkitisoope to wnf oci senin- Scl,* urt. 110, 

Eti 27f Jnn&i 
Joan 

IDOl Th« pbjflieAl ^Bilfl •of iblEiiB. 

Qahz, atifoit Hexat. 

1D0CK1D41. Tbe micrtisenpe. lOtb And iTtH «d. 0Qmirt4icl; PnbL Col, lore 
Giutw, L. C.^ mil Dark E. C 

lOOtp FredfiJosi. aU |strpaH pilrrcNrHiMHL Ji>am ppt. Soc Amcr^ vqL 
pp, 093-070 Nartna^Brn 
IfAUTT, AtrmoB Cl^ snd l!KAxnf> I'm) O. 

1032. Tbf» prJticIjilt!* nf fTpttrA. l«l «d. OlcOrsw Qlli Book Id& 
Hfiirmp Limia, llATniaA Ge£«Sp md jAcawtR, Lmui^ 

1010 ^[cfUHDple di^DMiuMrutlott <if «ocel In thi} cfbLiriil AArroiu In 

trSlUiiato lonm. InfiKt. DISh tqL ^ p[P. OD-Ol 

HruJni, J.» And VAfrc^ A W. 

t&CL B«xnt driiRkipiiHtiii Ln Lko C A €locwtto nilcroaijttp^ Ftoe. Itwrb 
BAdlv Knjf,. rol. 50. No. 4, pp IflT-lHS. 

Hocifrraif. 7. 

1010. TelewniKA And mlcromccipeA. Amer. SckoISTt toL Ol No. 1* PI^ 
KomuJ^ AMTwrw liAic. 

103:11 FUttstlon at bneterls; In ImutUI oieiAkDllsiiL BciceoA, foL 

TD, pp 2DC1-301, ttiu:. 1& 

KCLUlTFAr D. H. 

lOWL i^npcrmliraiCopcA. flotBrlADp toI. IFli p 41* Aushsl 
Lvcasi F. P. 

lOaSl A pmliioEi btsli pciwAr mctBlIn^ApHte BppAtAti^ TwiA. Amcr. Bor. 
8t«el Trwt, Tol 21, pp 1112-1131 

tool Lute (kTelDSKBriiks Ln micsmseopj. Icmnt. FUmklla toL 21T. pp 
001-701, InrhP. 

Lt:oAA FkAftciA And Btaae, Uavt B, 

tOSXp A study of lltins verm caUa by ttmiiiA nf tlit nltrs-vlAlAt tnlms^ipi. 
Jonni. UjDtpk^ TOt 02. pp. OI-II& 

ItAUMTFp t tX» ind BPAT17F. D. W. 

IU88L EIkItoh optlcA. 

MAxm, U CL 

10^ The electrai mi cfu A C PpSi Nitore^ wti. 14k p. 1002, Dn 11. 




218 AKNTJAl* CETORT S^TTHSONUK rNtfllTUTlOK, Il>** 


UlAT9Np H 

1004. ^D^rrou mJcroiccpr of l^lol-tiflcAT atijr»ct& 33^ 

Pu911. 

J&40. A fttfw elisrtfOB aikmico^ Ptt|it E(?¥., T*l BS, pp- CT-Oti. 

10CL llM i!l«!tnit] mlcTDicopo! a tool fcir bASiteMolofica} rmoreji. 
Joom BactbrrpL, Tnl. -tl, pp, BnT-llOp HarfJi. 
llAVtOfv, f.M BAivtA, U. Qtirt BEinn. I, F. 

IMX Ji iif-ir 4^1?eti-oA It Cl A. ntJ, XiK 2p ppu S&-242, 

OrtoW- 

^rcMiOieK. J. aowABDL mtd Soorr. Qompoir H, 

ItOT. A mApiettr eUctn^u ihIitvkvi^ of almp^B d«tblCQ, Hd IlUirr;. 

tol. B. >^41. a piw 

51iixx>$<i aad SratTt SJWiii. 

IML KEeetfQDSn. 1ft fid. Mi^mw BUI B0i>k Cal. l£ie 
MWfhif, Q, A- 

ICBI. A sniTFy nf rni^rrli sf^CKiinvUqtiiiii^rv ititli tbe B. C. clBctract s^lm- 
IL C A Miev« ¥oi a ^ 131"lBa Oetolnif^ 

MiAititrif. O. A-, and tiA^cmOp E- d 

IttSiK Polist pjtkjKior dfiCtruA iDlcTo»t:v|H. E^a. tbL EHl p. 706^ 
MOBTBTr, HAnvr tHi nod A^ikAkdw^ Tbouas F« 

]M1. EUy^trai mlfif'xwvTpIc etndim of blAtuflirvl raAtJafni, t. JiBdtietJcin of 
p<iiiia«lBta ipHorIt* bj £'«»r^|iau!&4f^lrri«int dipkih^HM^, P!rnc. Soe 
ELipfiT, Bid ami MotL vqL 4^ pp- 272-3761 
MnmuH,, d IL 

1B40 Wbnt Lf OMiAcrl A nwnr^r, lleit. Bresev Ti>t. 2)06^ Itp^ BIS- 

Mi. idfits la 
R S. 

IDSR Thf* filcttma tnJcPiHKtFpi!. SdeDilOc foL 40, pp^ 

Auiftu^ 

Mihh^ Stcabt, und A7fim»smt TnmuJi R 

104L DrmtiiHifniilfm hp the fiSfrt™ mlcrofe^ Af c?cm)bltinHo^ Af anti- 
IkkIUmv wlih flaittillar ^hil afp^aatle anltaamt. Jnum tmtuanoU tpL 
42. No. a pp- 2ni»2Ba 
?ifDimt SrPAitT^ null lAtKvaif, Datio R 

IML Bnctcrlftl morpholep M ahenm br tb*» HaetrtPD mlcroBcop^- Jflom, 
BaelrrlaLp rd 4U No^ a W- tl4-43a .^tard. 

Winift, BrrJKT, BqLFfin®T. K-, Afinmm, T. F., and CiiAKni U A 

1&41. Bdcletlil morphiAlojEr ma ihfrvn ln^ the eli^ctmn rnlmneupi, EL Tha 
burteriBi celt in the p^msa JN^nf^liia, Imira. Bueti^rinU 

43 ^ pp. Augim. 

PmuB, A. aad UiiJJiA J. 

10^ The omBtttijeUan of a imifitette alaclrmi at iitcfv molTliii 

povrer. C&tuiiltnn Jottm. B«.. «aL IT^ pp. 4M^ 
flaitBBnv El Hii<1 MfKToyf, Q. A 

iS6p. ClBCtTua opttea. JtnttiL Appl. Pbyat fcL iD. pp^ 4fi5-4Ta 
ItBl^Ji, H. El 

1041 Tli« new elActnni mlrrwnpr, fklenef!, n n,, 83. atii^L 12, Jaq. % 

iMln. fkienUlle apiiaTiituf and EnhorntOfr mnllioda- Selencf^ a. n,^ nd. 00, 
pp. STpT-O^ Apr. It. 

HifA BoTAt lUtMOiiti, and Ki3t>iii* Anrm^ Ua*c. 

IfliSl. OtaierfitEnflB on BewiUiM tppkaiMi in Iti fllEmbio ftato. CAWfontii 
and V^aatf^n Hficl.. voL 3S, pp 4CIM: t 


^CKOBCOPES—BEIDXL A^TD WIKTI 91 


219 


BOI9Pr«rw« H. CL 

im otanmtlcnt od flttcr-puslne fntmi uf fibertAcVa it^Ai (HwOJia 
Knd uf Utf »«*fiUie«su9 (rum poUdtnreUliL Prut Stuff 
u««t. Mujro Ctlnlq toL T. Jltt. Jtllf, 

1083a. dVMerrftikmt wUli tbe B!fe nicnwcoptr at tULet^paalDK tliim oC mlcft^ 
orgiuilHus. ikiimcv, IL tsL IQ, pp. Auf; SiO. 

1M2. MIcro^pliMflCvl In fUtntai of nxUtnU oiuL eip«ns>oatii] poUotuTdlili; 
flrtiiii Etuupntud imiler the idjcerroti ani) LLght mlm]tco]i& Proe. 
SUIE ai««t UftfO Cttnlb tal, JT, KO. T. 19 ^ FbIk 1 A 

SiUTU, TnnMxiis A. 

19iL !%• ttldctrcMt mkrcmpn. 8d«itlUle UotiUil7< vpL PP- Sat-MIt AiirfL 

SauTiiAt.1, J4m P. <1 

10(33. UUiuBKt pflmno, uut leoHi- Silad. llftciulUnu Oo. 

Stahut^ Wi 31.. ntti) AAnotoit, ’C. T. 

tIML A MitHli’ ul [HirUieff Tlnuen wlrli th« etactmn mtcriaicot^ Joam. Bint 
Ch«ta^ voL ISO. No. 1. SSS-Kia. 

VAirot. A. WV 

IIML Stubkf ^iQWifr «iip|tll«d for iiiliTt)M7Q(pis», tL C. A* tot 

!fck 3* ptr. JftDttary^ 

Xhto J.k PicrvfeOa Eomr and HawncTo Kaita Bs 

Tbtr iittifiitHiLfijcy of Spircich4^cta III Ibe etetrmi mlcmcop#, 

JcmnL AAiftT. MaI wL 110* ppt Jolr ^ 

KwaatiLiitp V. K. 

lp!&£K An ehiciroii mlcrnwiptd^ ihn fe9eiiit!|i lnboniDij. Jt iq 

tt; lip. Sl-^ Mr 11^ 

dmroiui tlMi CAW, H^trctr £tiC-k tqL 441-^lCi, No- 

t tfrmtw ir- 

/aWoanftx^ T« ELf acmI Va^oil A. W., 

ItHl An vUxrinNi iitU:niffcii|itr forpniotUllJ lAbofaturj oarrtce. Sfo^^ 
vtti, eo, PPL laj-ltt 

FTvltinlnArr nf«rt on tht; of a aHQNklSoTxdi lOAfiiiiAk itU>^ 

tmtJ mJmmopo. Jourti. Appi Phiro^ toL IZ 738-T4Z 

October. 

/MvarAJAk T. mad tUumik & d. 

1011 8ttrfftr« ttadka wILb Lite ctnctron ntlcEmfiir^ Jqitfn. 
raU IZ No- Z pp Srptfinber. 








MU-m mpA, Wium 


$%Jkrm. 1 



n* A. TVf+t B £l_eErmOw MlCftOISCtlPt a UAeoHAtWlY Mwel c?f the 

D^tc Ttpt EkEcrnpN Microscope. 

















RittHiT. J'W ud WiBiB 


PLATt: 2 


I 


I. OGjr4£nAI_ View op C^HATON-DANE PFffeCIS^OH. AU.-fHJHPOSC MICHOCAli^CrtA. 




CLOSC-RAWe OF G«ATOM'OAWE PtieCialOhl AUU-**Ul^PO$£ 

MKmOCAMEI^A. 











SmiiliMfiii nc|Mn. ind VlMw 


PM, T^ 3 



C*«LOnO«'HVt. cel l ft rAUOAE] rrK*l UP^IVeASAL MlCROSCOm>. 

t;jwu y on ii4-tti«.'iLli3i. 


bdiKtfilu RquvL t W.—ft MIM 


Pl-Atie 4 



TttAMjjs fT«£ UNivl^imiu. Mki:nieisSOQPi:i> 

X«tl ^tHI. K. 












S i T i rt l ^iwi i j Rtpcft, I4I4-$^HW| Vb4tf fhwATC S 



TYf^CJItJ QA«:i|.|,l» rrws UMfUlTRSAI. Micmwdpo 
^ on a^ntm. nlnip mIaiipI ini^soa Xr 







RADIO ACOCSHC RAKGlSG (a A, R) 


fir OouMAifvca K. X ABJum 

C^cut nit aMiatb? Buntov 


rwitb I ptmtkj 

Hydrographic surveying consists eseon Hally in motaunng ^ator 
depths from a surrey ressel and locating thtm depths in geographic 
position or with reference to the adjecant land features, 'Fhe me^od 
almost nniTcrsally used for fixing hydrographic surreys 'withiti ei^t 
of land is by measuring two sezTtmt angles to three appropnntely 
located risihle control stations. This is the weU-kuowii threo^polnt 
problem, lu bydrograpbio surveying such a poaition deiennination 
is called a three-point fix. The method is sometimes used beyond sight 
of lamlf where iJie depths of the water permit, utilising systems of 
anchored buoys for control siations. 

Deyond the Umit of rieibilitj of shore objects and where buoys can, 
not be used, hydrographic aun'eys wera formerly eonlrolled either 
by dead reckoning or by celestial observations. At considerable dis¬ 
tances from the coast and in deep oceanic areas, such methods sufficed, 
even though both arc notably inaoeurste as compared with the tlirea- 
point fix method. However, there was serious nei^ for a more accurate 
metJiod for use in coastal waters just beyond the range of die tliree- 
point fix method. Radio acoustic ranging (R A, R.j was developed 
for use in such areasL 

HlSTORTom. A. R, 

Subojjuftous sound was first used in navigation to dntermine the 
direction of an underwater sound source by means of two hydrophoniH 
(subaqueous sound receivers) installed <m a ship, one on each side near 
the ehtp's bow, A patent was granted for this device in ISH-L Prob¬ 
ably the fir^ practical use of suboqueoos sound to detormlne hon- 
zontoJ distances at sea was by meane of a submaTine bcU suspended 
below a lightship. Such bells were in general use by the Dnited 
States LighHiouse Service in 1900. Other eii»rimenta were made in 
connection with the n»e of sultaqueous sound in navigation, but the 
rapid development of radio direction finding fulfilled the need for 
position detcrmiiuticm In navigntion. The nnking of tlm riVoTuV in 

m 
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tDl2 emphasized t lte nwfl fnr a loeims to detect icebergs In the tracti 
of a veescl and lert to exporimenls in tiie use of 8i)i>[iqui;flU9 snund for 
this purpose. The instruments and methods dereloped., Ivowetfer, fmind 
tiieir greatest appliLal ion in ineiitmHng cleptJis of water by subaqueous 
sound, resulting in modem echo sounding. 

During ^Vorld 'War I the trannmiBsion uf sKtiind in see water was 
intensiTely studied by the world’s foremost scteniuits in combatting 
tho Hiibniarint) men ace. As a result, instrtunenUl equipment for trans' 
mitting auJ receiring subaqueous sound was perfected, ns well as 
rnstruments spccificaUy desrigned for the mea>;urCDient of sound travel. 
After World War I, tlie Cosnt and Geoflctic Survey bocaiof interested 
in tlift possthifl UNO of tliD method to qontrtd liydrographir. surveys. Dt 
conahomtion with die War Department and the Bureau of Standards, 
eaporimeidi; war? ooiidiictcd in tluj further development of the method 
and in the redtaign of instrumental equipment. The method was first 
aL'tuallji luicd in hyf]r<^fni[)hic ^rttiying on the siiip (ffwife off the 
««iet of aouthem California in early 1D24, It was on imraodlata 
unccesas, although many details of proccduro had to be perfected before 
it could be uifed with assuninccL 

'TnfiOKT 

In radio acoustic muging tho poaitinn nf a sidMiqueous sound source 
ia determined with reference (o two or mom appropriately located 
sound rMdFer?t whoise posltiung are Itnowu. Such a use of sound 
has also been called “phonolelemetty.” Angles are not iitiSiied in 
thin procetlurE —the unknown position is del or mined by mcttsuricg 
the travel times of tho sound from its source to the sound receivers. 
If tJio effective horizontal velocity of sound in ssa water is known, Ihe 
distances froni the sound sourw to tliD receiving stntinns may bo 
detonniited by multiplying tlie travel time.'? by the velocity, am} 
from the distances the position of the sound - source mav be found. 

TJiera are several ways in which the travel time of’subaqueous 
sound can bo used to determine the poHltion of an unknown point: 

<u) Tliretj nr jonie appropriately located rceelvtng trait* may Ite 
mterconnerted electri tally or by nullo and (he iiiima of arrival of tJir 
flubaqueous tHiNui] nt Lite several stations may be recorded at a ctmtra! 
sitdoii, Know'ing the velocity of sound, tlie differences between the 
nmvnl timra may bo iisetl to rjerive the positioii of the sonree of tlie 
sound. TliiM i* known as the ‘^differviilial method” anj it I* in 
general militaty use to determine the pOKitiouB of enemy gun 
empiftcement*. 

(6J The subnquDLius snund Impulse may Ik ^ynnhronixed at the 
swurco wiili a rudio signal. If the elapsed times between (he tweipt 
of tho radio signal and tho rcceipi of the subaqueous sound are 



^ADIO ACOUSTIC —ADAMS 


223 


obsarr^d at twD or more receivinif Rt knowii poftitiona, these 

time iniervftlfi may bcr used to determine the portion of the sound 
source. 

{e) Al! operationfi mnj be controlled and all menaur^mcntfl madit 
at llio sotmii ^urco. A subeiqueous sound signal U itinde near i 
survej Te^l and its time recorded^ The instant a of amral of the 
subaqueous sound at two or mure recelTiiig; etalious nre then iiigiitiled 



Jf^tuuax lp-^UiUii RcAUilitc faiialci^ In iir(tra(re£ililc the iltSp'H poniUmi 

Jb d«roriiilf>^ bf snkiqnwiu ioitoU tmTrj to fiiuio-racUo lunar* itncbereU el 
known poe^tioiiA a. t|ii! b^imber thttmn a ema\\ TXT bonih overlioani from the 
tonrlniC nhlp. iUv tniinb explndes flud the imiltittg f^nind wuve tmrpis 

luvard iliB Ktn^rtitlle hnuju (a atui bl t 1* piattw nnd toward the 

tUPUfo^iine (el La the bnuom of the ihlp tiji itti= paib (!>—D>. The Bound 
wate IFl travelB tn all dirpctlonB at a Tvlncltj nf abniit IS km- per w?i?. 
tnsianttj OD arriYul ni * wno^nidJe boor it itiUlo BlfiiMl fllV U tratuiisiUtod 
which iB fpeei™j at iUe BlUp. tn the flstivo the eonnii wfirp kair not ye[ Rtrlvid 
at feotan raille Imnr ihh 

atitouiadcally by mdiu, and received OJid recorded <iU board the 
sutvey ahii^ Fruai the^ data, the elap^ time between the origin 
of the aoiixul and its receipt at curb titalion is hnown ujid the position 
of t he survey ship may liedetermiiml. 

This is the melhod used by the Const and Geodetic Survey* and 
is considered tho most pricticabtu for use in hydrographk surveying 
because all operations ore controlted from the survey diip and all 
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(laid are teconled thencn and become nviubble to tbe hj'dnngraptiGr 
In the idiurtciit ;>o^Jb)« tiniv. Tills metliod avoids errors made in 
tTflngmission. wtiich lire nlwaxii poesible nhere the data ate received 
elsewliete and radioed to the veisiiel. 

](. A. B. Ol-EltATJOK 

To deiennine a position hj K. IL, the folfomin^ data muei be 
ktioivii: Tlte ceceivin^ eiat'ions (that ESf the hydrophones) must be 
eatabliidicd at kijown positions. ITin travel Linjea of the ifiibuiiijeo'ijs 
sound from its arlgin to its receipt ut each receiving slntion must 
bo mcnaured with an accuracy of about 0.01 Becond. The eifective 
liorixontal velocity of sound tmwt bo tmown. (The travel path of the 
sound ie not necessarily a atruight line, as ia explained later, but to 
determine horizontnt distancee by E. A. R., it ia obvious that tile 
velocity o! sound that is required is the liorixontnl dittlanco divided 
by tJie travii] tune.) 

A sheet with u project inn is prepared on which the poaitioDii of the 
receiving mat ions are plotteiL The measured travel tituca are multi* 
plied by tlie effective hurixontil velocity of iKiund to obtain tile bori- 
aontal dislaricca bctwcoti the sound source aiid the receiving stations. 
'Hie poeition of the sound source is then at tlie inteiaection of the arcs 
drawn from the stations ivitb the computed distoncea ns radii. 

'fbe following description illustrates brJeliy how it A, R. is used by 
the Const and tieodetic Survey; A subaqueous sound is pix>duccd by 
tile explo&ion of a TlTr (trbiitrutoluenc) Inimb thrown overboard 
from the survey ship while utuler way. A hydrophone (siihnqucoiut 
receiving ntiit) in tlie hull of thealiip, and. a radio receiver on tliesbip 
are conn voted to a chronograph. The recetviTig station consists of a 
submerged hydrophone connected to a radio transmitter which opor* 
ates autanutlicaliy whim the bydrophoua is octunted by a aubiiqueous 
sound. 

In addition to the ordinary surrey persontiel, certain spccialista are 
required in fi. A. li. One officer is in diruct charge of all oporutiotui} 
he plots the ahip^s positions os Uciermuicd from tlia R A. B. data. 
A clirouograpli attemUnt ia lu cliarge of the chronograph and oversees 
its fiuictiiming dtiruig the time from the bomb cxiitosiun to the receipt 
of the radio signsK A radin technician U in charge of the iiistru* 
mental rquipment on Ibo survey ship; he attends to Ute proper tuning 
of the radio nfceiver and assists the chrooogrnpb attendant in identify* 
iiig the radiosignils from the receiving stations. An ttsplosiTas export, 
called A bombor, is in charge of the explosivsB and the preparatton of 
the boitibfi: he Ijglite the bomb and thrown it overboard when ma ln iotH 
to do so by Lbs dmmogispb attendant. 
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One minute before an E. A. B. position is desired, sn deotrio bell 
sigimls the bomber to get a bomb ready. The bell signal al<^i intlicstcs 
■lie si2e of bomb wranteJ. A delotmtor And fuse ure inserted in Uic bomb 
iintl t!» fuse is lighted a few Eceotitla before the time for the 
Wlien tile ftise is bimiing, tiiu bomb U tliiown ovcdmaril f rom the 
idtip's quarter and a bell is nmg as it strikes Uie water. This is the 
official time of die posittoa. (Tlio time of tlis explosion, which comes 
7 or 8 seconds tater, is not tlie time of the position, beesuEo by that 
time the ship is some little distance nway from the place nf the cxplo^ 
aion.) Tlte olsctrlc bell is heal'd by the officer in charge and by tlio 
obroiiograph attendant. The lime and Jng am read and recorded and 
a sounding is token. Any cjmiges m course or speed are mode at this 
time. At the sound of the bell, the cltraiiograph Attendant staKs the 
dironogroph and connsciA it with tlje ahip's hydrophone. When the 
bomb explodes, the sound is received through tlie bydittphouie and reg* 
isters auiomaticaliy on the cbrutuifrraph tA[K!. After tlie exploiiion has 
tegistensd on the chronograph tape, the chronogmph is switclied from 
the hydrophone to the ship's radio receiver. The sound of the txiroh 
explosion travels through the water in every direction and eventually 
reaches the eeveraJ receiving stations. At the instant the sound arrives 
at each Rceiviug station hjnlropUoiip, the radio transmitter connected 
to it automatically sends a radio nignal, whidt is received on tlio tihip'a 
radio receiver and tegistrrs mt the chnmograpli. During Utia titiiu, 
which may bo from a few 8ccon(i.<i to mors than 100 sieconds, a mark is 
being made each seccrid (or eorJt tenth second) on tits chronograph 
tape, As the radio returns are registered, the ditcnograpU attetulont 
identifies them, and when the lost one has been received, the time 
intervals. Inseconda and liundredths of seconds, from the explosion to 
its receipt at the several receiving stations are takon from the tape. 
Each radio return and its corresponding distance must be correctly 
identified with reference to tiis station from wliidi it was received, 
Hio time intervals are tlien reported hy tJic chronograph attendant to 
the officer in diargo who detenninea from them dm pnsition of the aur- 
v^ lihip at the time the bomb struck the water. This ent ifn nperatjon 
takes on the average about 4 or 5 minutes, 

a A. n. RKCEtVlNG TTATIttXa 

Three different types of receiving stations have l«eu naed by the 
Coast and Geodetic Stirvcy. Tn their chronolojpcal development they 
are: Shore etaticin, ship station, and sono^radlo buoy. Ship atntimta 
are no longer tiscd; shore stations are sometimes used; but sono-radlo 
buoys are used in must B. A. R. surveys. 

Bhort A. R. nos first used % the Coast and Geodetic 

Survey on Gie Pacifio coast of the Cnited Stot^ Here comparalively 
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deep water gcneralty extends reaeonablj dose to tho dion and, as is 
DOW known, the temperature conditions of ttie water are fsTorable for 
liorixontal transtnisaion nf sound. jSliore ettatiotts were used at this 
time. A shore station consists of a cunventioual radio receiTLDg onil 
iranemittlJig station installed on shore, connected by electric cable with 
4 ^bmcjgcd hydrophoitc placed offsbora in an appropriate depth of 
water where U ia nut shielded by siioals- Tiia hydrophone is attached 
to an anchor, but is buoyed to float at a selected depth below the water 
Eurfoce, 

Eadi siiora station is manned hr one or niora radio technicians. The 

¥ 

pruiotpai of Elatiunfl ihaE. itio fftdia ledmioiim esu 

keep the ippaimtus lu n^j)air^ Hw butteries chargi^rb and tlie ^Ution 
operating at EuiLsiiuiim eiTiciciicj Btl all times. Stirl or ot liur mi control' 
lablo cunditiurt^i nmy actuate the liydropltoiie if it is too iienajtiirea 
Tbfi radio techtjicitot can vary the sensitiTity of the appAnttu^ (or the 
bcirt reccpticm. He can also listen to the ^unij uf the explosion 
T^hen it h received am I can measure its amplitude. A knowledge of Uie 
strenglli of Lha recei™! aotuid is valuahlo lo officer in charge in 
wni|rhUiig the results Jiud in doleiriiining the Bhe of bombs to use. 

Shore sUtioiL>^ are mnn^ expensive to estabii^dj and maintain titan 
^nmnidio buojs, but their efficiency is greater. Laying tJie cable 
fmm tie hvilrophnna tbmtigh rJic surf lo the radio ^tiqn iu the most 
difficult {Uirl cif tlie esliibllsbinpiit of a shore stiit ioii^ and eemetimes 
weather may prevent it for severat weeks at & time. And unless tlia 
area in the vicinily of the hydrophone has been thoroughly sounded^ 
niio has no asaumnee I hat intervening almnb or irregular types of 
bottom will noE uiierfvre witli the receipt of (he fioimd 

a hip itaiim *,—^When R A. K. was useil on the Atlantic coast 
of the 0nit€^d Sta*f«i, it was scKm found that shore stations would not. 
function satisfact^iriij. The Continontal Shelf on this coa^ genemily 
extends many miles ^awarily anil clio deptiis of waier on it arc com¬ 
paratively shallow. Moreovery the temjierature conditions of iho water 
are not so favorable for tlu'. trannmlGslon uf $ound m they are on the 
Pacific cfiasL To overcome these difRculties^ ^mal) ahips ware anchored 
offshoru at known positions and u.->ed m tloating B. A. K. Nations. The 
receiving stations could tlien be placed iu deeper waterj thus shortening 
the distance through which the sound had to travel Ttie stiore appa* 
ratiis was placed on line ship^ and the hydrophone was anchorcdi as at 
a shore tiatinn^ a short distance twm the ship so that ship noises would 
not interfere. Tliesi!! ship stations were then operated just as almro 
stitiDns. They had all tlis important advantages of shore statin]^ and 
in addition tliey were mnbile. Tlieir matntetumce^ howeTerj was ex¬ 
ceedingly coaUy> and as the ships wens small^ they froquently had to 
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kav^ tlifir stutians in bad w^atliar be exposed In ilaiim|^ lijr atom, 
Sbip at AtioQfl ore nu longer iiwl by thi^ Cunsi and Ginxlatio Surrey* 

Sono-radio biu>f /*,—^Sonn after aliip statbui^ had been used success- 
iully% die idea waa raticeiTed of iismg a Iitioy in i^hJch wo^ Ituused a 
fully autoimtiotmit. fw t«cei¥tng die sound Impnifio iuid tnuisinittiDg 
tlw radio signal—hence the name ^ono-radio buoy. 

Two typ«s of Btrurtutea hava been used for EoiLi>-radiD buoys! Ona 
type in which a steel drum is held in a wijodmi frame’work, and the 
oilier & si>i«4:ially designed all-metal type. Tlw luUur requires more 
special fittings and parts llian I bo foiniiTi but both are about Kqtiaily 
$ucces 5 ful. These biiojs are coitstnideil on the ship by the ahip^ 
personal f using readily aToilable materia b. 

From it^ long experieneo ^ith the use of buoys os water signals, the 
Cnaat ami Geodotic Surrey has evotvod a more or less stambird ty[>e 
of WGO dun atruciun? whidi lias btimi used in the eoofiirucUou of eouo- 
radio buoys. Sucli a buoy consi&ta of a 50~giilloii sUel drum with a 
CO III I ter weight to bold it up right and a superstructure extending about 
Lb feet above tlie water^ the batteries, the radio tninsmitleri and the 
necessary electric cireuite being pfacetl in the druim A -rertical an* 
teniia k supported on tlu> aupersvtnicture and the bydrophone m sus- 
pcuiled fro i n the counterweigiiL at a deptb of abutit 7 fiitboma. 

The electric npparmtiia m the aDuo-mdio buoy was dmgned espo- 
dally for aulouiulic m R. A. E, The priiiciiml parts of Ibo equip- 
mimt are the audio amplUkr^ the koyiiig circuit, the radio trana^ 
milter, and the hydroplione. All yurts must be Kapociallj con^tmtted 
and are generally made by the radio teduiiciaiia oti the siiTTey abip. 
The apparatus in all Bonn-rndio buoys h very similar^ althouj^ 
minor dlffeivnces have ijeem in centra ted depending im the conditicina 
vncouiiLerod, Sono-radio buoys uin be UB«d from I lo 3 monibs with* 
out aitenttotu 

Tlie frequency of tlie sound of a bomb eiplosjcju is below 300 cycles 
The olDetric appnmtus is designed to rT?ceive and amplify sounds in 
tins frec|ucncy range^ Tim umpliBer must bs stable and any time tag 
in It must be ^nal! and relatively constant. Tlio purpose of ttie keying 
circuit is to cau^^e tiiu radio troUMniLtcr to operate auLoinatically wbcu 
the bomb rignitl actuates the liydroiihciw. It ia designed eo tlmt un- 
wantei) aounds of comt^urativoly low intnuaity will noL operate Hit 
radio transmittEr, hut lliat when the sound of a bomb m reived the 
iranamitter otaTrates instantJy at nearly full fiower. 

Extra circuits are sometiiiies incorporated in eonn-radio buoys for 
the pOTjiose of aliortening the iniLi-Hniitied radio sigiiaL Wlion nullo 
retunm an? bRing rvceivctl from eevcml suno-rodio buoys, it ii obvious 
that on early return which b prolonged uiidtily may blanket subse¬ 
quent relurua coming immodiiiely afterward from otlier oono-radiu 
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buoys. Due to revei^berstion, multiple reflectioiLs, and oiiier causes, s 
radio fiigntiJ in Sdclt cases may be prolonged as much ss T second 
Moreoveridefects occuiriTig in tJie electric circuits or iinn-uiteil uobes 
muy tc3id to moke a p&rticnlsr sono-radio buoy trausmit tbuost con* 
stantly. Tim so-calied sliortening circuit liniits the lengdi of radio 
transmisaioti to a half second or lese, aftar which tlm schio- radio buoy 
is tendered imetive for a {jeriod of 3 to 5 aoconds. There are certain 
disadvantages in usitijf these circuits. When all the radio signals 
transmitted are of equal length, signala caused by bombs cann ot, be 
distinguished from other aiguuls, as, for example, those cattaed by 
water noises, MoneoTer, if a sono^rutlio buoy is actuated by an extra- 
ncoua cauee ;usi before the bomb signal arrives, the eilenciiig circuit 
prevents the bomb {signal from operathig it. Shorteuiug-and-eilencing 
circuits, therefore, are mit used where prolonged Eignala are not par- 
ticularb' bcrilieraome. 

To obtain coiisiancy of radio fwiuetiey, a quarta crystal is Incorpo¬ 
rated in the transmitter. Several radio fraqucnciee between and 
4100 kilocycles are aiitlloriaed for use in sono-radio buoys, but those 
most frequently used are 413& and 4100 kilocycles. Using these latter 
frequencies, the mmimimi radio frequency power required for satia- 
factory mults under nonual o[>rrattiig coiidtiiona ia alMut 3 watts, 
althnugh up to Sti watts has been used. 

A hydixiphoiio b a suluiqueotui sound-detecting device. It Is used In 
A. A. R. to receive the sound energy from a distant underwater bomb 
explosion and to oonvcit it to c]cct.ric energy. Most hydrophones con¬ 
sist of a waterUglit houaing containing on electroiuDguctlc, piezotduc- 
trie, or other elect rcacoustic device, wldch la coupled to the housing in 
such a way tliat the souikI impinging on tlie bousing, or on its dia- 
pliragiii, {a traiuinutted mechanically to the aicctroaccustic device, 
which in turn convert* this mechanical energy into electric energy. 

As sound passes Uireagh nn ebistic medium, such ns water, tliciv is 
an alternate condensation ond rarefaction of ilic medium at a given 
point, resulting In a corresponding increase and decrease of tlie pres¬ 
sure at thbi point In addition, at any point the partioles of liiu me- 
dium undergo regional displncemcni forward and backward along the 
direction of sound f>ropagatiiin. Hydrophunea are operated by this 
pressure variation ami particle displacement. Several different ty^iea 
of hydropltoncs have been desigiied especially for uso in R. A, IL The 
hydrophone itself does not liave to be extremely seiisitive, but the 
hydrophone and tlie audio ampUHar must be designed so tliat togctlier 
diey will have tlie retiuired sensitivity. A hydrophone must respond 
well to thtt freqmuicy of a sound caused by a subnqueons uxplcjsion. 
The hydrophone nmiu not bv din'Ctive to a marked degree, for in hy¬ 
drographic surveying the sound which is to actuate it may come frum 
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Almost 011 ]^ dtrecu on, Tlia TiydropKotie or tho casc in which ii is honsed 
must bo watertight. The mnsL frequent caiiM ol hjdiopltone failure is 
leaks ge. A hyUroiihotm hec<itue3 iiiopsraiivo if 1110 ainMturo of Lite 
electroniagnetic unit Is forced sgaiiut one of the pole pieces and held 
there. This may result if a bomh explodes too close to Iho hydrophone 
or if anything strikea the hjdtophono while the eono-railto huuy is 
being placed on its station. 

Before a sono-niLlio buoy is put on station, the gain of its audio 
ampUiier miisl he sdiusted for Benaitiviiy. If the gain is too low, t he 
unit will be liiaensitive mil rctvirus will not bo received from bomb 
explosions more (bin n short distance away. If the gain is tcro liigh, 
the unit trill be actuated by the action of tlie waves, rieai’hy water 
noises, or by the movement of the buoy itself. In tiie luitar case, thc- 
huoy transmits continuouslyT and the receipt of a bomb cxjdosion 
cannot bo detected. Fnrtltermore, tlie continuous radio signals 1ntor<' 
fere witli tilo receipt of si|it)ala from other aoijo-radio buoys which are 
o[)eratuig satisfactorily. It ii obvious that a aono'indio buoy placed 
on station to operate automiiicnlly for wteral weeks nt a time muHt not 
tie adjusted for operation in perfect conditions, for then fiurvuy opera' 
tiona would often be interrupted by weather conditions. This expliiias 
ono of the principal ud^'antages of a shore slation. 'fhe latter being 
attended, i(a sensitivity con bo adjusted at alt times for host op'ratiim. 

Abnormal jierfonnanco of n sono-radio buoy is usuaJly disetosed in 
one of two way?—eitlier it is too insenaitivo to bomb exploaioiis or thnri' 
is on excess of stray signala. 

snip EQUn’HEKT 

Tho special equipment used on the snrvey ship for It. A. It. b eotn- 
poratively simple luid easily understood. It consists of a hydro phonr 
in the ship^ebottom, a radio reemver, a chronograph and ampliSer, and 
a brcah-cittuit cluonfimeter. Except for the rhronograph ampUfler, 
standard eummorcial products are umd In each case. Their oooi'dinate 
fuiietiuns fnirn the tinu) a bomh explmlra until tho radio signals from 
the R. A. K, stations have been racoedod on Uie chronogntph are oa 
follows: 

The boniti explosion is received on the hydrophone, after which the 
signal is ampliaed sufllcitully to opiraie the stylus of o chronograph 
which makes a mark on a moving tape, Tlie stydne circuit is then 
immediately connected to the radio rwei ver. Signals from the E A. R. 
statinns are receivit'd and marked on the laps by the same stylus. 
Another stylus oiHumted from o hTeak-circiiit chronomrlcr marks regti- 
Inr time iutervalBon the tape during thia entire period,^ Then the Linw 
intervalfi from the explasion of llio bomb to tbs reception of the radio 
signals may be mru.HUred on the tape. 
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Tlw hydrophone, through irliich the wund of tha bomb fixploaion is 
recoivedf is installed hi a waUsT-filled tank vhich ia fastened to tlia 
inner aUa of the hull of tits ship. It must be healed where ship noises 
uill affect it leasts 

Anv good commercial conuntintcution radio retajiver may be used bo 
long as it wiU corcr the nccsessary range of fret^mmciea. 

The chronograph ampliher h especially built by the ahip'ls: radio 
technicians. Its purpose b to amplify the impulse from the hydro- 
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t ima!! TJ«T \mmh iirertmMrd fram thF oinrln^ irorticy «tiktk tTije 
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ou tliit lain? eaa bo ecititL<ri«d Into d]itaftoe& 

plioM caused by the bomb eiplodon and also the output of tlio radio 
receiTner. Tlie antplification must be trullieteut to actuate the stylus in 
the chronograph. 

A dironograph it a graphic-recording titne-niGAsuririg Jer ice. It is 
connected to a birsk-ctrcmt chronometer, which provides the time 
record. A narrow wa:c-coated paper runs through the dironoguiph 
beneath two sharp styluses electromagnetically operated. The tape 
moTes at the rale of about S centimetern a aecancL One styhia b con- 
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nect«d with the dtroRomettr unci mftkes & merk on the tape once a 
second. Anotiior stjrlus is connected with tbo chrcmo^nph atnplihnr 
and is ictuated by the reception of the hnmb siiznal and btor the 
reception of the rudio signals. This record, permits the seeling of the 
time interviilH to the neerest 0.01 second by interpolation. 

A different instrument, celled the Dorsey dironogtii{ihf designed 
and built by the 0>e.<it end Geodetic Surrev, is etso for ibe same 
purpose. It incorpjrates etedric time jneeeiireiijent, starting with a 
pieaoeleGtrio ctTstnl, and provide much mote constant and eorreot 
time than a hrealcHrircnit chruiiomater. The tape in tliis chronograph 
runs at a sjieed of a bout 6 centimeters a second, and a mark ia mtide each 
tenth second and tlie secotiils arc numbered. The instTmucut ia also 
automatic in that Uw electric bell signal signifying that Ilia houib has 
struck the water starts tlie t8()e moriug and the timing stylus begins 
marking tenth seconds. ^Vhan the hydrophone is actuated by the 
bomb tsziilosioR, the next tenth second is marked sero and the mark at 
each subsequent second Is numbered. Tims intcrruls to the nearest 
0.01 second can be interpolated from this record by eye. 

itosivs 

For use in R. A. R. a sound of gtral intensity reaching a peak almost 
instantly and one that will travel Ui rough tlte water in all ^rectiema is 
required. The explosion of a trinitrotoluene (TNT) bomb baa been 
found best adapled for the purpnnet althotigh any type of explosive 
siiitabir for uBe under water can be useft. Dynamite hns been us^, but 
it is more unstahle and more dangei^ius to handle tliaii TNT. The 
frequency of a bomb explosion is below 1)00 cycles; which Is lower than 
most interfering notaes. 

Tlifi TNT itself docs not have to Iw in a watertight container. For 
best raaulL'i llic eontaiiier aJifitild Iw made of a roiiipantivoly strong 
rigid material so that the gases generated are contained until dotenS' 
tion is complete, whereiqHin tlie container bursts. The resniting ex- 
ptoeion jnoducss a highly oomptrased smnul wave t!mt has a greater 
range t liiiii Miifi from an exptafiUiu iu a comparstivety fi ngitacontaiiiar. 

For tung distances and best results, hollow cost-iniu spheres with 
half-indi walls, containing from 1 to 4 pounds of TN'F^ are luml. 
These sxdieres Iisve to l» especially cast and are expensive and heavy 
to handle. For ordinary diatoncee and for fjorbaps ^icrcent of the 
cases, ordinary commercial tin cans with a friction tup uro used. 
Three sixes of the latter arc commonly used, and 1 pint, depend¬ 

ing im the distoncos involved and tho dinracteristica of tlie area being 
surveyed. 

Ordinary camiiiercial detonators made of fulminate of niemtiy are 
lined with standanl wateTproof fuse to detonate the TNT. Tin cans 
atvBso-ao-is 
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of rartoiL^ aisM are Riled in adTante with TNT compected firmly. A 
bole ia punched in the center of tlie lid of each can. Fuaea of various 
lengtiis are ettached to the delotiators and this junction of the fuse 
and detonator moat be watertight. Just before an R. A. B. portion ia 
required, the detonator is inserted through the hole in the lid of the 
can and pushed down into the TNT. Tlie fuse is lighted on an electric 
beating element and the bomb is thrown oreH^oa:^ woU clear of the 
aliip. which is under way. 

The bombs must not' be exploded too close to tlie survey ship. Also 
they should not explode ton close to the aurfnee of the water, for then 
part of the sound energy is disaipaied into the nir. Best results are 
apparently obtained with explosions at a depth of about T fathoma. 
To achieve these two results, the boinlts are weighted to make them 
dtilc at the required speed, and the fuse is cut In lengths to provide the 
required delay in time. 

In 1940 the coat of a t-pinl bomb with fuse and detonator was about 
30 cents. 


YmjQflTTt OP SOUND IN 3&A 

To measure dietancea by subaqueous sound tronsmiflaion. nno needs 
to know not only the elapsed time intervale but the elective Aorisimtof 
relocity at which the sound travels through the water. Tlie velocity 
of pT&pagaivm of aoimd in flea water may be calculatwl from the tem¬ 
perature and salinity of the water and the hydrostatic pressure. 
Tables have heeti prepareil hase<] on tliese three variables. Tiie velocity 
of sound varies with these Ihroe chat^teristics by the fdilowing ap¬ 
proximate percentages 1 

(a) Eacli P C. increase in temperature Increases tJie velocity 03 
percent. 

(bj Each 1 part per 1,000 mcresso in salinity increases the velocity 
0.1 perrent. 

(c) EarJi additional 100 fsthome (163 m,) of depth increasea the 
velocity O.Sy percent. The velocity of sound in water is approximately 
IJiOO motors per second at a temperature of W 0., ealinity 31 parta 
per and at surliicQ atmosphorie pressure. 

To determine the velocity of sound £ 1*001 tlic tables, the iemperature 
and saiinity of the water must be nieasirrcd, and tlic depth nntst be 
known, for pret^ire varies almost exactly wiili depth. Tlie variation 
of oalinitj in sea water is email, and its cfTecl on velocity, as comjmred 
with the affect of variation in tcmpc-mture, is relatively unimportant. 
Tho temperature varies not only from place to place, hut ordinarily 
decreaaes with i fie depth. For the averoge E. A. R, survey, tin* vvlocitv 
of sound must be known within 4 metcra per second, and to attain this 
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iiccijra <7 tlis aT«ngc tamperature of tl)« water through which the 
sound wiire i>wi$«i9 mum be loiowu within approxiniiitely T C, 

During ft bydrogrupliic survey contJwUed by R A. R., frequent tem- 
pemture obserratiuns are (iidde. ObservstioiiA front the surface to 
tile bottom lire made ut rarious pieces und tliues, eapplcmented by 
more froquenl uhserraiioue at the surfaco ami Ihs bottonu Tempers' 
tures snt nieosunid witii one or more reversing thennomeleis sttaciicd 
to s sounding wire and lowered to the desired depth. Ttie tiwrmome- 
ter revorses as soon us it starts upward and broslm Uie column of mer* 
cuiy so titat the value registered at the greatest depth out be read 
after the thermometer has been brought to the surface. 

A butlmhermogrsph, a comparatively new instrument, is also used 
to me&sore water tcniporalures in the upper 7i* jathoina, where tlie 
greatest variaiimi occuts. ThJa instrunient records automalically and 
graphically the teiripemtiirea with referanoa to deptlta. 

The variation in salinity nonniiily encuunteretl affects velocities of 
sound only aiightly as cumpiired with temjierature, but salinity does 
vary and its value must be determined. In the Coast and Qeodetic 
Survey the salinity is determined indirectly by measuring with a 
hydrometer the a|Nsciiic gravity of a watm: sample. An accuracy uf 
about one-tenth part per 1/ICO way thus he obtained. 

Vetociiy of sound as determined from the phyulcal diaracterbtica nf 
the tvater and from tables is obviously the velocity of propugation of 
Uio Bound wave, irrespective of direction. Tlie effective horizontiili 
velocity is required in R. A. R. If the sound w'ave ia refracted, or ie 
reftected from the bottom one or luoro times eu route to the receivuig 
atutitfii, Rs te expluiued later, it is appaieiit that the theoretkal velocity 
alime will not auOicc for use in B. A. H. In such eaeea, the tiieasnred 
time intervals are greater than they would be if the sound Uavclixl 
by n direct horiruntaJ path. 

Under certain conditions the effective horizontal velocity of sound 
at a place can be dMteruiiaed ojcporiinentuUy. T f a bomb is exploded 
at a knowm horixonUl distance from n receiving staiicm and the time 
interval from tlia exploalon to its receipt at the receiving station is 
measured, the diEtance divitled by the time intervot will give the effec¬ 
tive horizontal velocity of sound between the source and the receiver 
for the temperature and salinity of the water at that placn and time, 
irrespective of the path of llie soimd wave. iiVherc tiie deptlis of water 
permit, it is cuatumary to make such testa throiighoul an area being 
surveyed and at intervals during the survey. For asurvey in unifonu 
depths wherw the tem^ierature and salinity are relatirdy constant, 
resutia of such tesits co n suhsequently iifif!d in determining R. A. R. 
pushions. AliTiore tlie temperatiiro and salinity change frequently, 
the velocity of sound detemiined by tests can be modified to take into 
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ucount Uie tGniiJeniturB anil Hiltnitjf dlfTereitccs. But wh«!r» <iie 
tleptlis in the nm mry to n niwktd degtct, nml MpecUlJy wherv tin: 

ar« too gt^at to pcrtoit teats to be made, the ireloeit; of sound 
ralnee must be detonniitod from an assumption of the path of the 
sound O'ove. 

There Is also an jiidireci method for detenuining the effective hori< 
nmtat veluckj of sound under certain eondiliona and allowing certain 
omumptlons. If tiie tluio iutcrrala from n tMiai]» espEueion to three 
receiving Btatioivs at kuotvu positions arc measumi accunttel^r, and 
the same temjMirature and salinity conditions and cteptlis along tlin 
three paths of sound ate s^umodi then the effective horisontal velocity 
ran be inomputod by moans of a rather uiyolved formula. It is obvious 
that there must l)e no douhl regarding the accuracy of tlie travel times. 
If ono vuiue is doubtful or if the conditions along the three paths are 
dissimilar, aii erroneous %'alue of the velocity of sound will restdt. 

PiTH OS' A SOU.XD WAVE 

In an ideal water medium witli uniform cUanictcristica atul unlim¬ 
ited dimensions in every direction^ a sound from a non<lirectiotiat 
source would bo propagated along straight paths in evety dirccticm. 
The arrival time at any receiving station would he tlie time r«iuired 
for the sound to travel tlie shortest path. In sndi a case, die Lheoreli- 
cal velocity of sound would be the some as the effective velocity, and 
B. A. Bv would ned bo complicated by uncertainties due to the path of 
the sound wave. 

Unfortiitintelj, tlio ideal medium do«a iiol. exist in piactice, and the 
propagation of sound in water is indeed complirated. Tlie sound wave 
is propagated through a body of water boumled above by the water 
surface and below by the ocean bottom; tlie horizontni dimension of 
■lie medium is tong as compared with its vortical dimension; sound 
wares an? rciicctcd from both boundaries of the meditun, and within 
the medium they refracted by dintigea in the velocity of sound 
aluiig tlm patJi, These facia complicate the ftoth of the sound wave. 

Tlie recti|Hion of sound la also complicated by the feet tliat the vari> 
ous redetted and rofmeted waves interfere ivith one another. Where 
two floiind waves of the same frequency and wave form meet at one 
point, they will tend to reinforce or uoutraliae eadi other, depcniling 
on their directionB of propogatton and whedier they meet in Uid same 
or opjiofiiti: phoJ^es. 

It is apparent dial, in a bounded water modium, the sound wave 
may trovel an almost utiHinltrd number of potlia. Tlmre will bo ona 
direct path from the source to the rGceimr and a miiUitude of rellected 
paths. The Bound wave that first arrivea at Utc receiver witli amlBdtail- 
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intensity to ectaste it is, of cowee, the one diet is used in R. A. B.» 
other sound waves wriving iater serve only to prolong the received 
signal. tJufortuiiatcly, the sound iraveling via the direct path is 
almost always micchKl hy the sound wave t^'cted from the surface 
of the water. This siirfafe^raflected sound wave ia neveiued in phase, 
and as l.he length of tL^ path is nearly equal to (lie direct path, atmofit 
criiupiete cancelation of Ute two lakes place. In actual experience the 
^uud via the direct path is rarely received at distances greatex than 
7 or ft miles. 

The result of this is tlint the iiseftil sound wave in R. H. is tbs 
one that is rvAccted at least once from the ocean bottom and, depmulmg 
on tlte depth, of the water and Its physical ciiaracteristios, tlie sound 
may arrive at the receiving station after having been reftctccd a itum.' 
her of times between surfi^ and bottom. 

xVnoUier complication b the fact that tlie surface bonndary is hori- 
aontal, but the ocean boitom Is not. A sound wave is reflect^ from a 
bfjunrlaiy in the same way as a nty of light is rediHCted from a mirror, 
tlie angle of rodedlon being always equal to the angle of incidence. Lf 
the water is deep at tlie bumh explosion hut tlie receiving station is 
tucated in comparatively shallow water, as is ilm usual com in E. A. R, 
it is obvious tlwt the bottom slopes upward along the ellodive patli of 
propagation. In andi a case, each time the sound ware is rejected 
from the bottom, its direction of propagation is changed toward the 
verticaK and if enough rellecttaits are involved and the slope of the 
boticim Is suBidenUy great, the successive angles of rt'gecUou may be 
decreaiKd until the sound w-avo is reflected veTtioally upward or it may 
actually revertH its huriaontal direction nf propagation, and never 
reach the receiving station. This condition is aggravated in shnat 
water where more roflecticntE take place in a given horlsouta! distance 
than do i n deep wa ter of the some cliHracteristics. Tli ia partly exp Lai us 
tlie liiiliimlty encountered in sound trauamlBsion from deep water on 
tlie Contiuentat Slope to slioal water on tlte Continental i?helf. It also 
explains ttiv difficulty encountered in IL .4. li. where tliere are inter¬ 
vening shoal areas hetw^n tlia bomb expkisions and tlie receiving 
stations. 

The path of a sound wave is stso affecttal by refraction. WTierevier 
a change in the velocity of sound takes place along ilie paili, tlie sound 
wavn is rofracled. If prcfisure were the only ebaracterisLic affecting 
velocity of iiound, ila constant increanc with depUi would cause a con¬ 
stant' increase in velocity, and tlie sound wave would be refracted in 
the arc of a circle concave upward. It Is rare, however, that jiressure 
is tlie only variable involveil. Tlie temperatiirc of llio water varies 
and no'rmnlly decreases witli depfli more than enough to overeome the 
increase caused by presHuro, until the depths becomo comparatively 
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grot. This <Jecpea» w tempemtore causal n docmsc in Ttloeity 
which refmctB ihe sound wave downward. 

Thus it is seen tiint for any given case in B» A. B. iho path along 
wliicli Uie received sound tioa trailed tnaj be very complicaled, ll 
nuty have been rellMtod a number of itiuee frotii liie bottom and the 
surface, and between these redectioiis it may Itavc been refracted, either 
upward or downward, or periiaps in iioth directions at different ^piha. 

Tlic ezeeilent resnita obtained in H. A. R. are due to the fact that 
water is a reiatird)' good medium lor tlie piopagatitm of sonttd, even 
though its physical characteristics, and oorisequcntly the rdodty of 
sound, vary with time, place, and depth, ll is due also to the gad 
reflecting quaiitles of Uie water surface and tile ocean buttonu Tiut 
sound is confined vertically and is reflected and amplified, eoroewtint 
as it is in a speaking tulie. Little of the fiuorgy of tltc sound wave Lb 
actually lost in reflections, although when the sea is rough or the ocean 
bottom irregular, eome of the sound energy may be disatpaied. 

R. A. R. IS l’itA.Cl3CC 

Subnqueous sounds have been detected with Lnstruntents of oniv 
orcUnaty sensitivity at a disUmce of 400 nautical miles (740 km.). A 
sound propsgntefl vcrtiwiUy downward hy an electroiuagtictio osctlla' 
lor in a deplJ) of about 200 fathoms (565 m.) has been heartt after 
having been reflected S.^ times ■hemataly from the bottom and the 
surface. In H. A. H, the longest distance tliat has boon meoGured is 
184 nautical miles (540 km.). This was in connectiou with a test 
which was concluded at that distance, hut them was no obsertahk 
diminution in the intensity of the roceived sound as compared wit it 
that received ai somewhat iejser diataticea. In actual hydrographic 
surveying, distances of 100 miles (185 km.) or more have often been 
measttted. Shore stations are much more efficient in this nspeci than 
aono-radio bvioyB, although returns hove been received from «mo.rBd1<i 
buoys »t distances of 100 miles (!ft5 km.). The type of area in which 
sono radin buoys ate ptcfemMl to ehoreatationa ordinarily limits their 
range to about SO or 55 miles (55 or 65 km.). 

Tim operation of R. A. R. to control Itydrographic surveys is now a 
routine procedure. The position of the survey ship is fixed regularly 
by R. A. R. at intervals of If) minutes or less witli as much casualiuiss 
as if thtee«potnt sextant flies were being used. 

The [meitiora of the raceivuig stotions are plotted on a profeetioft, 
just as the jmsitions of triangulation statioiui are. Because of the long 
distances ordinarily involverl, the distortion which ocmiia in a plotting 
aheei mde of even the best drawing poper has considerable effect. 
For this rwmTit ^ number of unifottnilj c^incimtric cirdteft &ro 
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drawn on t!i« slieet from each It. A. it. station at the dae tlie pFojectios 
is made. 

Tlie podtion of tho surrey ship can bo plotted with a beam compass, 
bj swinging distance nr time arcs from tba reapectiTe receiving sia- 
lions, but »tting the beam compess with reference to the nearest of 


riyoaES -^Aji arufl •iirrejeO In t)^ bjf rn4lo amatk i R. A. It), itliinrtnc 

The aano-raillo baufi ajiti (mllouf biuif ■ oiMt Im euiitrvl the hyilri^ni(itiXi Tlrt 
IlhDs flt buoys H'ftrt locatCtl Ity latiE>wire tnmt*tb Itut youie of ibo untJCT' 
BKHrt stytfft'Fiiilto buDfi went Ewutn] by It A. R. ditto neea. teaend: • onll- 
tiiifj ayryrjf bvc»y IO ftonoMdliy twy; 4, trlnngeJJidnb siatlOB: 

Bi [-liiu-wiro itiMjuuemirfit f-- - - B, jL a, tllNtinca. 

the cwiL'entric drtlea. 1’hv poatiem of Uw ship la at the intotsscUon of 
Ujo nn^ Puaitioua celt alsu bo plotted by using a special dreiitar 
ceUutoid prutraclor. 

B. A. B. was oiigiiiaUy adopted to control hydrographic aarveya be' 
yand the dsihility of shore signals or where survey buoys could not be 
niafd. Since its use, however, does not depend on visual observation, 
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it is cquAlly itssble at tiigbt, or in fog. Survey ahipa of the Const and 
Geodetic Surv^, taing fi. A, H,, have surveyed ctuittuuotudy 2i Koure 
a day for of 10 dnys ei a time. 

Some statistica of a eutr^ controlled ciduaivdy by E. A. B. may 
be of intensst. They are from an oiFalioro Burvqr in the vidni^ of 
UantuclKt Shoals off tl» newtheaat Atlantic coast of the Cnited States, 
These snnreya were plotted'on one scale sheet and two 

Seale sheets, Sotio-radio buoye were used for receiving 
atatiuns at 34 different fot^tions. The surreyhig was done between 
May S and September S6,1030, Tlio area survevad was 8,5C3 square 
atatnte raiies (22,1TB gq, km,), and the total length of wimding ItiuM 
was 1040* statute miles fia,8Da km,) • 5,1»06 bomb* of mrious siaes 
were used, made from 3,611 pounds of TNT and 4,170 feet of fuse, To 
obtain the required t«mt>«>at«re and salinity data, serial lemparalu™ 
wens obeervKl at 13G different places, The positions of the eono-radio 
buoys were determined bpr taut-wire traverses, in connection with 
which ordinary buoys wore uaed at 60 diffenmt locsUoas, in addition 
fo the 8onD>radio buoys. The totni number of worldtig days wits lOL, 
including 18 days used for placing or picking up buoye and rmuiing 
the taut*wire travei'^s for their locations. The airvey vessel ran a 
total distance of 16,481 nautical miies (30,543 km.) for all purtKiees 
during the survey. 
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THE DAVID VT, TATLOR MODEL BASIN ’ 


Itr lUus Ajiuiul Hfautxkr S, BnwMSv 0. S. S. 
Dtrnelcr^ W. Jfoifel S^tt» 


Itnik 4 pUtml 

Tho largest and moat completely eqaipped sIiiP'IdmIaI festiiig and 
experimental plant m tiie world operates directly under llie Bureau of 
Ships of the Nary Department. 

plant, the Darid W, Taylnr Model Basin, staffed by a hjEhly 
trained ami capable group of niliceis and civilian technical and shop 
peraonnet, has os its basic function the solving of problems concerning 
the design and operation of naval ve^Ia by testing models in water 
imder contnilled conditions. Included in its work are Uw detenniGa^ 
tion of the speed and powering of ships, lauriehing, stahility, action in 
waves, turning and maneuvering, and propeller design. Besides ques¬ 
tions of pure ship design and form, the problenur presented for solution 
cover the field of mine-sweeping devices, paravanes, and torpedoes; in 
fact, everything which lias to do with forms which move tbrotigh the 
watur. 

In addition to the preceding prohloms, special problems of struc¬ 
tural design of ships comprlm a major activity of the plant. These 
problems cover all manner of apedal questions relating to tho strength 
of shipR and their parte, the resistance of ship stTUCtures to nnderwater 
ezploAions, structural vibratiem, and the effect of shock, and the elimi¬ 
nation of such vibration and shock effects. 

In general, the chief function of this orgoninalioii at present is to 
give the earliciit pomiblo solutions or answers to tho wartime proldcnu 
submitted to It. Research, which has been and is being ivinttniioiialy 
carried on, gives the background of knowledge which makes it possihio 
to uitdcnakc and furnish tlie solution to these urgent prohlenis. 

Although tlie Model Basin o|wmtcs directly under tho Bureau of 
Ships, work is carried on not only for that Bureau hot for aU hranchea 
of the Navy Department, whctiicr for tho Cocmnitndcr in Cliief him¬ 
self or ony nf the technical hureaus. liVork is ako done for other 
branches of the Government, notably die United States Afaritime 

* lUSOpUd tv vcralMlnB tmib liminBl nf SrpUnl f«l. 10. K<t. p. MawH iSM. 
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Commiraiaiij *tid for privato cofiipanics and indiyidnak, this practice 
foKtlliiig tlic miiiirements of ihc act iirliJch created liio establishmeat 

The construction of tlio Taylor Model Dasui. "wes uiitborimd by Act 
of Con^'39 of 3 lay This act gave anihm’ity for the punhasc 

of a suitable trite and the construction of a new model basin csrnblUh- 
tnent- for tile United States Sfftvy* This was to replace and cxtaiul die 
work of the original Expoiimcntal Model Basin which had boon in 
service at the Waslilngtoo Ssvy Yard for nearly 40 yeaia The old 
exporinicntaf bitstn bad become too stiniil] to carry out its work for the 
Navy anil private mdividuals, and its equipment was, moreover, be* 
coQiuig obsolete. 

To comnieraoratc tiic work of ihat ofRcer who had been reRponsible 
forthearigiuol ExporitnenljiJ Model Boain and under whom that basin 
had operated for the greater pari of its esistence, tlte Secrotary of the 
Nary directod that the new establishmeuL be known as ‘The David W, 
Taylor 3t<.Klo! Basin” in lionor of Bear Adiniral David Wstajn Taylor, 
Construction Corps, United States Navy, B^rtircd, former Ctilef Con- 
stnidor of the Nary. 

llie location chflaim for the new eatablbliment was in the valley of 
the roUmiac some 12 mSiea from tlie cenlor of Wnslungton. This site 
was selected not only bcoanse land was available but principaUy be¬ 
cause tliree basic requirements were fuJfiUod. First, solid rock was 
at tlie fiurlimoin tliis location^ this meant tlist the faundntions for tbs 
rails of the towing carriages of the bostna could bo carried down to 
solid rock and the extremely acciirato aiignment tR'eded could be prac¬ 
tically guarani red. Second, an ample supply of clean fresli water 
necessary for the testing basins was available, since the mnin conduits 
to Washmgtom were close at band. Fiiiaily, tlia incalion was away 
from heavy traffic which might disturb tho allgiunetit of lins towing- 
carriuge rails and tbeir founchitions, but it was still fairly dose to rim 
Jfavy Deportment which permitted e«^ cuininuuicatioi] and frequont 
vlsito. 

The new establishment was planned and laid out by Copt. H. E. 
tSnundets, wlm had been stationed at the old ExporimentaJ Model 
Baa in for a number of years. Baaed on long esperiimoe theru and 
reports from model basins the world over, the new inoilel basin was 
planned to provide not only the beet and moat iip-tcwlate facilities and 
equipment for model (eating, but in stich size and capacity ts to ensure, 
OS far BA could lie foreseen, (iiat it would meet all needs of the Navy for 
many yeare to eome. 

The actual design was undertaken in 1033-34 by the Hureaii of 
Yards and Docks of tlie Navy Deiiariment and construction wsa 
started in Stspiambct 1037. The baaina were fill«l with water in liEorch 
1030and thn plant waa completed in July of that year. BecaiKe of the 
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Jong lime sttKjiiifed for tbu cirriiige tracks aad for making other 

preparations, the pnnciiid activities were not transferred from the 
Kavjf Yard tmtU November 11)40, 

The origTRaJ conception of this establiahnieiit, as bdicated by Ihu 
autiiorizing act, was that it atiouii] be constructed to inventigaie atid 
determine the moat euitabte and tkeirable slmpcs and forms for naval 
vessels and to mrestigato other problems of ship design. Thus 
primanly tUo establishment trita designed and equipped to carry out 
exjierimental Vi'ork im tlje facias of ahipB’ hulls and to eBtimate the 
power required to drive thorn, witli a secondary interest in otlier fea¬ 
tures of design. This original oonceptton has almost beau lost sight 
of in an expansion atid growOi far beyond Uw delib originally ctm- 
lemplatcd. The «ar has naturally been [rriiici pally resputiaible for 
this great expansion. Under llie heading of “underwater forma and 
propuLtiou" tile work bos eXi^anrded until it tras come to cover tha 
projier form nr ehape of ainiuat any body which is propelied, towed, ur 
projeciod on or through the water : while under the secondaiy heading 
of “otlier problems of ship design*' the expansiuu haft been so broad in 
the fields of structural strength, shock, vibration, untlerwaler eiplo- 
fiions ud related subjects that the primary and eccoudary olijects of 
Uifi original e9t4ihUaliJU£ut luiva almflOi cbatigKl piucea, 

Tlw outatimding fealurts of the Taylor Model Basin are its test 
facilil ies, which are unusual both as to tyjies and as to siao and capacity. 
For an undeiataiuling of the work undertaken a general description of 
tJie physical plant and those facilitioa ia necessary. 

Aa a testing establislimiott the Taylor M<Hlel Basin was made large 
eiiouglt to house equipment wliich would accomplish each of tJ^e vari¬ 
ous types of rcasarcJi on mndek with the giealest degree of aocuiacy 
and reliability, 

Phyeically die establiahment conrists of three building: a main 
building bn feet by 64 feet; lying parallel to it, a basin building l,3a0 
feet long; and a wind-timnol Imilcltng, Tlie main building hmisea in 
its centra) section tlic ofilEes, drafting and computing rooms, record 
storage Tsuits, a library, a pUvtograpliic !u|M»nitory, and a musonm. 
The waatem sect Ion of the builUing cotitains the shops whore wood 
ajid Dietnl modely, mechanical dmricaa, instrumonta, dynamomeinTs, 
and other HpeciaJ ctjuiprnt'nt are miid& 

ITic cosiorn end of the main butiding constitutes the laboratorv. 
In this laboratory are Jurated Llio l».mch and 34*inrh variablo-pressu^ 
water tunnels, 30fl00-pomid and ffi)0.tH)0.ponn.l universal sfatic-load 
te^ig machines, and a lfi0,00()'pound alternating-load testing ma- 
chins, and other equipment. 

Tha basin building is nnique in its appearance, because of Us barrtl- 
ardi roof 1,188 feel long. Instead of a single largo lumtcl basin tike 
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thfl olii one At the Wushington JfflTy YatiI, thore are four sepanto 
model iffisins ciicli designed for s particular Uue of work. 

The principal Urge dcep-ti-atef bastn is SOS feet ]<mgbv 51 feet irids 
by feet dcoji. Hiire models of Urge alii jig are toiled or self- 
pmpelkU. TliU is tlii' Urgsst basin of its kind in the world. 

Joining the large basin Is a sliorter sliaUow-water basin SM feet long 
by 5l feel wide by 10 feet deep. The deptli am. be Tiritid at will to rep- 
reiient rivcrig, canals, and channab of limited depth and width. In 
this basin Jiiodcls of tupU^its, barges, river craft, and other types of 
shallow-water vessels ara testo^. 

Forming a cuutinuutiDn of Uw west end of the shallow-water Itaain 
ia a J-iibai>e<l turning basin, for testing llie mmieuvering and steering 
diaruetcristica of mtKlels. In a special itnclosore over tJiU huin, 
acciirato plmtographic ob«?rvations of the models itnder teat aro made 
with a group of enmpms about 411 feet overlie ad. 

To tlie north aide of tlie large baain there is a liigti-speed baain 1,160 
feet tong by feet wide by 10 fwt deep, for the testing of mtidula of 
higb-sjMod motor boats and aeaplnne hulltt Inddentally, thi: fiite is 
largo enough lo ponnit the exloiisian uf thia basin to more Uiaii twice 
its present Jiingth to meet rajiiirtimciits of the future. 

In tile baseniEJii of tbit main building ts a small boahi, M2 feet long 
by tfl feet, wide by feet deep, for tile testing of special models and 
for unusual researrh problems. 

The towing enrriages, which span the hniina and u|)eraU on die 
pracifiion-bid raiis atop the basin walla, furaUh tlie meajia of listing 
the mode la. Tlie heart of u towing carriage b Lba dynjunroneior, 
which with its reUted recording inat.rtunenU uieasures the fui'ces 
■rifting from the nuitiou of a moiiei thmugh the water. 

Two carriagH are now in operutiyn—caiTinge 1 over the deep-wator 
Ijaain^and a EiK<cial 40iet-running carriage with wood frame and pneu- 
matic-tiro wheels over the idgh-siiecd basui. Under onistructioii, uid 
to 1m placed In service during 1044, am carriages for the fihallow-water 
baaiu atnl die Iiigb-epced basin. The Iasi earriago will have a top 
speed (if 24 knota 

The carriage which now ojieraiis on tho deep-water basin is typical. 
1’ha ifpecifications it must fill are eiacting: a testing apeed range of 
from 0.1 to 18 Itnota, the seloctcd speed to be constant during an 
S-seoond measuriiig run witJiin 0.01 knot, a rigid-frame atrnctnre to 
span the JJl-foot dbtanci! between the basin walls witlumi permitting 
^turbing vibrationa or defluetjDns at Uie midspaii whore the measur¬ 
ing tiL-^fnmiiinia ara located, aUtolulely etrat^t-line mol ton of iha 
towing point wlitre the mndei is attached to the carriage, adjTnimome- 
ter to imMuuro the model resistance during tlia njciiauring run to williin 
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ft,01 pound but ruggiad enough to handle the forces on targe^ 30-foot 
battleship tnodelv st full test ifpeedt 
T wo v^riablc-pressTiire water tonnela, ricsjgried priitiarily for testing 
model pTopclters but also used extensvyely for Sj^ecinl hj^drodynamtc 
testa, arc among the unusual fadliLiea. Each water tunnel conaiHta of a 
closed duct circuit arninged in a rcrtical plane, in which water in 
ciroulatcd at a known speed. In tlie lower limb of the apparatus is a 
motor-^lriven Empfiller which circulates the water, and in tho upper 
Jimb is (he test section, St tod with gloss porta for visual and photo- 
grapidc obscrration of the propellpr being tested in a ]et of water of 
uniform velocity and turbulence. The diametDr of the jet nozzle b 
12 inches for one of the water tunnels, and 24 inches for the other. 

The malul propeller is mounted on ■ motor-driven fliuift projecting 
into the lest chamber, 'fhe tlmmt and torque of the propeller at vari- 
oufi Speeds of revolution are measured by ti djnttunmrtaf. Water 
speeds in theSd-inch tunnel up to 35 knots are available. 

Vacunji) pumps lower the air pressunf nbo^'o the water in ihe teal 
chamber of tho tunnel, in order to cieaie an absolute prisore on tiie 
model propeller correspotiding to tbe combined etToct of atmospheric 
and waitr pncsaurc on the propeller of tiie full-sized ship. Under thwe 
conditions, Uie phenomena of cavitation occur on tlio miuiel pro|icUer 
so that tJir lest accurately represents the beliavior of the full-scale 
propeller. Cavitation is tiie formation of water-vapor cavities, or 
“bubbles,” on tlie propeller blade surface, caused by high loading and 
consequent sarioiia reduction of pressun* on t.hu back, or 'Auction aide” 
of the pro]»ller. EfUciency suffei's when cavitation occurs. Cavita- 
lion vfffNTts are attidtad by means of sirtilx^copic ilIlutiination of the 
propeller being tasted, iimJ (liese effects arc recorded by high-speed 
flanh phntographs, of l/30,ftftO-iseTOnd tatpoenre. 

lii die laboratory tmilding there are located two large machined for 
testing structural apecimena. both full-si as and modal seal*. One, the 
Ip0,ft00-pound al tcmadng-Joiid testing machine, teats bcitn*, colimuui, 
riveted and welded jointa, and other etrufstural ntuntbers in alternate 
compresflitm atid tension over long periods of time, to discover tho 
manner, loading, and number of cycles to failure in fatigue. 

The other large testing machine is ■ universal static-load testing 
machine with 300,000*pound capacity in cither tension or cemprossion. 
SiresB-stnin data, yield point, and idtimatoslrcngtli of a wide variety 
of structural specimuns may be obtained with this apparatus. 

One of the most ununuai and recently cnmplctcd fncilitieg is the test 
pond for underwater expioaion testa. Thia is a pentagonal pond, dug 
partly out of the wlid rock and partly fonned by huUt-up rock 
bankmenta, It is roughly IfiO f«t acrosB and wilt carry water to a 
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dcptli of feet. In thi; pond teoe&ioh iDTesti^tjDiifi of undent iter 
expLiisious nnd cxpIosiTe tests againgt modols of ship stnicturiia itre 
carried oat, 

InfomiatioQ can be ublained on Uio trijectorles of model bombs and 
torpedoes after impact with live water surface \>y catpcrimeiite made in 
the new transparent*wail tank, ujfing higli-ap^ motion pictures to 
record Iho piilhs of tlie models. Xha new tank bits glass windows 
forming one ade and one end i it is 25 feet long, 0 feet deep, and 4^ 
feet wide, filled with coriLiniioualj filtered, ci^'stni-dear wiitar lo injure 
dear pljotograplia. The windows are thW-quarters of an inch 
tiijiJt '’retnpered'^ giasi, four iunea as strong ns ordinary ptate glass 
of tlie same tMckneaa, L 1 tense pliotograpitic ilium ination is necessary 
to obtain good film tecords of tha objects moving through the water. 

The rirfulatlng-water channel, now nearing completion, ta an 
iinuBud hydraulic testing fadlity, botii as to typo and aiasc. Essen¬ 
tially it conatate of an open-top tost acctlon 22 feel wide and 00 feet 
long in which a stream of water 0 feet deep Dows at a maxim urn speed 
of 10 knots. The object under lest will bo hold ijtatioiiarv in the moring 
Biream and the forces exerted by tlio water meaaitred by suitable dynn- 
mometers, Tl» walla anrl bottom of this diannct contain windows 
approximately 4 fiwt by fc*t tlirtmgb which teitii Tifiuni and plioto- 
gTapbic observations can be made. 

Tiio chief advantagica obtained by testing in the circubiting-water 
channel are that tho object undergoing test can bo Tiewed and photo- 
^pbod from all sides and that the teste may bo carried on for an 
indefinite period williout stopping as at the end of a straight towing 
run. 

TiiB oidfcte tested in ihte cliannel will consist of ship raodela, torpedo 
shapes, min^ and special devices which cannot bo tested as well by 
towing in still wnTer. The water channel will complement the exiting 
taming bosiiiB and water tutuidn but will not supplant thrm. 

In order Llmt such a large sttEam of water may bo circulated at con¬ 
stant speed with miiform flow throughout (he twrt section, a atruetutt! 
about IIMI feet long and 45 f«it high is n^juired. The water is pumped 
th^ugl) the chamiel by two tSJdj-foot-diameter propeller-type pumps 
driven by direct<onnected 1,SiW-horsepowar electric motoj-s. Thaae 
motors rotate at constant speed and the rate of flow of the water is 
regulated by adjusting the pitch of ihe propeller blades wtdle running 

The wind-tunnel building is located to the wMt of the main building! 
It contains two steel wind tunnete, each with a closed rectangular teat 
section B feet by 10 feet, and with single teium passage. Tlie^ tunnels 
are equipped with +-btader|, Ifl-foot-dinmeter wooden propellers, one 
driven by a l,000.horaepowcr motor, the other b? a TOfl-horsepower 
motor. These motora are oontrolfed by the Clymer system which por- 
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mita spe«4 <x>ntrol within plu^ or trdnus ^ Air rslocitics mxk 

bo varied from appro^mately ]Q to 220 miti^ per hour* Six pnacision 
scales automivtk^y rctcord the thru momenta and Ikrce lorcaa m tlie 
models A Bevttnih scale records i]\e wind velocity. 

Airplane models up to S-feet wingspan can bo t^ted both for nonnat 
parfoiTDiitico characteristics and for stability in yaw; two separate 
for supporting the model ai^ ijfiod for iheso two types of teat* 



At the present lime tests for the Bureau of Aeronautics are atiU 
carried on principally in ilia old wind tunnehi at Ibe Washuigton Navy 
Yordf but within a efaort tune tha new tunnels will be activelv 
operating* ^ 

The organizalion of iJic Taylor Mudd Basin Le shown on Oie chart. 
Hear Admiral Ht»rbort S- Howard, U. S. N., is director; Capt, Harold 
EL Saunderfi, TJ. S, K,, ^who laid out the esUblUhmeut and wan in 
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chargt! of clio out ire work of prepariiig tha fad Jk Lea for opera tioix, 
is tecluiiril Uirectur and bead of Oje tctdmical tliiriwoo; and CspL. 
W, C. MehuiFey, tT. S. K. R., U exeajtivo officer and production officer, 
llio heart of the orpinization and tJis reison for its existence 
real in the technical diviBion, Tliia divisLon ia divided furtiier into 
tlirec main dividoiisi IiTdromechajitcs, structiirai Tpiv*h atii f ft, and 
aeromeclianics. 

Each of Iheac divisions U headed by a senior ofEoer,. with officer 
assiatants, specially trained and qnalihed for this t^rticular work. 
Th* civil technical staff 1b of the same hj^ caliber, the nncleua of tJue 
stalf po^esing ■ imtlonal and international reputation in this highly 
epccializcil work- 

in tho hydronHNdunik's ilirisiDn tiie prhicijjat work falb witliin ths 
field of ahipjj^ lines, pcopellers, and underwater fornut sud:i as uiine- 
swHjpmg gear mid JoriJCtlnca, After the tedinical tleeigii of a device 
ifl completed, a riiodol is built to BCale, in order to carry out the lent 
necessary to check the form und to determine the power needed to 
propel or toir it; the test is made in one of tlie various modal basins, 
'flip prrtcednrfi in a typical test of a fillip is as foltows- 

Tlw uaiiftl ship model is almut dD feat long, hollow, and fashioned 
from layers of wood glued together. It is can* fnl 1 y shaped t o represent 
the uutnr surface of the ahjp^ bull, to eioct scalV, from keel to deck. 
Tiie modid is complete os to its uiiilcrwaier fonu, with rudder, propel¬ 
lers, sbafta, Htnits, bilge and docking kecla, but withont upper works, 
Tlie model is Tirsf tow'ed, nnn*siilf-pro|)ellsd, over ono of the main 
baains by the carriage which has already been doscribed, 

In making a towing run the carriage rturts from real, and smoothly 
and gradually uotiuires tho speed necessary for tlio test. When iJj'o 
carriage is lowing the nvdel at a uniforn) rate it the desired speed, 
and Uw model is pndneing Iti diarjictflristlc formation, the 

actual resirianta* id die ship model in pounds a/id hundredths of a 
pound IB measured. 

Later a second, self-propelled test k run, in which the model is 
tlrivpii under its own power along the basin with email modol propd- 
Icm Snialt eleciric moiors LnsUllcd in the model, umj motor to eacli 
ahafl, operate the ptopisllers. An ojicratnr uti Lite towing carriago tu 
which the model in attadted rcgulatea the speed of the mode! ahjp. 
From the testa so made, calruUtionis give the corresponding tisults for 
the full-sized mussel. 

Under tliB hydromcdianics divishoi is also carried out tlio deeigu of 
propdierg in connection with the Bureau of and the (eating of 

modal propellers based upou those degigna. These modnl t.^bi are 
mado in oue cf tfin two prupdler tunnels already dcscribmf. 
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This dlTiamu ftlao carriEs out fnll-scslti epecinJ teis aWard eliips of 
thtt ususUj ftl tliB timt of their trislSi sucli tunutig trisJi^ to 
detennino the track of a ship undor difTEfent oondition^ of apecd and 
rudder* 

The Btructuml mechanics division is concGroed wiOi *11 questions of 
tho strength of ships* structure, vihrationL, and retaiod subjects* 

The work in strtictural medmiics at the nicxlal basiii hmi ita incep- 
tian a number of years igo in tite Lliought thai if the perCumiuu^B ol 
full-siied fillips could be iceuratclj forecast fiiraugli eJr|.juii mental 
work with models in a model biudtif it sltould «<[uaiiy well be pt^ible 
to forecast the performimc© of the structure of ships by the u«o of 
accurately constructed modsta. with proper techiiitiue in canying out 
the testa. This would permit gaining kituirledge as to ilia perform qj^co 
of such sttdctures long before * ahip itself was finished^ 

This work wan started with alemeulary models of the hulls of ddps, 
and sectional models of ilTe hitUs of subiumrinijs. Proving aucceasfuli 
it haa boon continued to the present time, until it now includes d^k 
and boitoni structures^ turrets aud their foundatiemSt and similar 
pro joe tB, 

The next pr<ihlam undertaken in this field was tUo nisaiiitance of tho 
sinieiure of fillips to underwater eaplosious. It was soon found thoU 
for Lble work to be effective, fundamencai knowiedge must be gained 
aa to the nature of the underwater eaplosions (iieniiielvea^ Witli tiw 
constructioTi of the new Taylor Model Basin an extensive r^ifarcli 
program ivas token iii hand to investigate tlie effect of ills expliMUcm of 
small cbargcs ugainM simple diopliragnie, and also to study tlia o 3 £plo¬ 
sions of charges iheuiiiolvos, by the use of exLrumeiy high^pt'ed under¬ 
water motion photugraphy. From this rcseiirdif Informs liun k being 
gained as to the notiire of explosions ihemaelves^ and their effeci upon 
the struclum of slupB. 

A third most important work of thU division is lliai of investigating 
vibration of ahip*^ hulls and structural foundations, including support 
of in^rumente and oilier BC[uipmont aboard ahip^ Some of tliis work 
is done ml the mudd basin but a large part of it is carritMl out aboard 
ii«wly aimmigdoned ships of ilm fleet whan undergoing tliuir first 
high-spoi^d runs and gnn^firing triaU- 
Tlw work of tbo aeromechanicfl divlBlon, mcludJng the opemtiem of 
iha two new wind tiinnolSt la concerned principally with wind-tunnel 
lesiB of modeJa of new ilesigns of airplanes for die Bhibbu of Aero¬ 
nautics of Ijie Navy Department, and with tests to d^te^rmine the effects 
of uiiHlIficarioiis to improve Live performance of allying de^ign.^. 
Wind-tunnel tests are also mado for the Bureau of OrflnaniMh and 
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oilier government. dqittrtinent& to lU^st them in sixdal probleme 
re(]uinng ierod^amit! infonnatioti, 

To conetmet the rarions typts of models which are need iu the inven^ 
tigstioru wlilch have been deserthed, two sepnrate shops, ono wood- 
working, the oilier mctul working, fnnn an integral pert of the 
liEluiJcnL The former exists particularly to niariufuctiire the wood 
niodtils of ships, aircraft, or otluT forms which are tested, while the 
totter constructs nil special eiiulpiiienl, tiisLrumenU, and otlier gear an 
well as any metal models used in the tests in the esubliehment. 

In its highly technical work which, in many of its aspects, InTolves 
the mcaanretoent of infinitely stnnll units of time, stress, and motion, 
the Taylor AEodel Do^^in has taken a loading place m the devolopnumt 
of special inetminentsu As two oiamples in the field of tiiatninienta' 
tjon in wlitcli the orgsniaation his buconiij jireemincnt, tile work in 
ultra-high-speed motion pictiirei and electronics should lio mentioned. 
Tlie basin bus taken a leading position in tho davelopment of high* 
speed motion-picture t><]uipmeDi otuI technique to record tho dotaiis of 
lightning-fast phenomena such as shock and explosion, atid also in the 
dovelupRiGiit of elecLrotiic mcaaiirirtg insiruments accurately to record 
super'high-speed Gvents such as tlie pressure curv« of an explosion, or 
to measure inlinitoaimally smali changna In displacement for ulHaining 
dais on vibrations and stmins in Htructurt#. 

From tlie preceding paragraph b it can be seen how large a part tho 
work Jit the Taylor Model BaBin plays in the technical side of ifio war 
effort. Everi* new design of ship, from lircraft cartior to landing 
barge, is checked and tested os to its form nmi power; minesweeping 
goar, insofar as iia pcrfonnnnco in water is ouncemed, is tested and 
ran in mudel or full siae; spi.-dal weapons and do vices which ojfcrate 
in or on tlie water are dcslgneii os to their hydrodynamic f eatures; and 
the vibration of new aliips and their Ability to witliatand shock aro 
investigated. The list could be mulllphiid indefinitely. 

Thlsgeuorai description of dm work imdertakcn and now under wav 
at the Taylfir Model Basin, and the Sfwcini items lifted, would not bo 
complete without coinmenl upon the quality of the teclmicml reports 
wludi moke available for use the actual resulta from these te^ts and 
projects. No matter how tlmroiigh oJid complete die tociijiical studies 
and teste thcm-felvcp may be, if they are not so written up and prasented 
as to be undcrstanriahle and dear for the use nf tbo ci}ictsl]i for wbriui 
the teats and HtudieA are made, ihcy might as well not have lieen made 
&t all. Pariirular fiflort has Ijcch riijidr in tJie preparation of better 
anil clearer reports by progrwwive dcvelepuipiij of rcprodacrtion meth- 
ofle, lay-out rtyles, and writing technique, go that these reports may bo 
rcadUy undersiandabte by those who deaire to use f hum. The suewaa 
of these efforts has been made ovtdeni in (ho wicloapreafi demand for 
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Tajrlor ^todel B&Mn roporta Utroughout Ibis, cnttntrj iud abroad aa 
well as by tbs Tarions agencies of tbe Kayy itself. 

At picflenl every effort of tbe Taylor MtHlel Baiun staff and tte iacjU- 
tiDS is being ajiplied to the one end which is to contribute to tlie 
nmaimuni of their abilities to tbe early winmng of the war. Pure 
research mtisi take a secondary place, but it is only throng the pure 
research carried on in peacetime and tbe skill so develop^ in tbe 
solving of problems that i^uitik and correct answers can be 

found now for tlie urgent probUmis of tbe war. 

The intej^ of tbe country in research baa iiierea^ greatly hi these 
most recent years. is greatly to be Imped tl^ when peace comes 
again tbi* interest wUl not lag but will continua so strongly that this 
establishment may continue to operate at its full capacity, so that 
tbtou^ the niQTO extensive pure research then possible, todinival 
improvetnenta in the design and constmetlon of our ships and naval 
weapons may iucxea^ Thus, should war ever again be forced upon us, 
we may feel that we have kept ourselves prepared to meet the ledmioal 
prohlems of that day. 
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LVnUTDtKTZlOK 

Tlio exoeptionnl circuiJuUuiL^ of the timos nuke it impoesible for 
me to observe the letter of nhet I know b the Institute's wish in tits 
. choice of n subject, thou^ I belifive I can confbnn to it in epMU The 
institute desires that the lecturer shall deal with some scleiitifiti or 
technical subject on which ha b, or has been, peiBoiialiy engaged, and 
shall not indnlge in broad sirrejs. There will come a time when the 
lecturai^a chief difkultj will be to choosa fn>in the embarntssingly 
rich store of knowledge wliich has accumulated during thia war> But 
for the time being the door of that Etore cannot be opened in public. 
Moreover, I doubt whelltcr the part that 1 have played in a large 
number of fascumting and exciting iDTCStigations during the last 
4 or $ years is such that J could fairly deprive tliofse who have done 
the work of the privilege of speaking about it. This ia a dllBculty 
that has always faced tiiose who hold such poeitions as mine, and one 
of wliicb your Council were no doobi well aware wheu Uie^* invited ms. 

I have long been concsrncd with the problems that arise in applying 
the advances in knowledga which reaearch for atsronautics has brought 
us and with the problems of planning die course of cmreitt reaearch 
and of providing ni>propriate imd timely tcaourcce for future ttscarclt. 
I believR that these are matters that miglit with advantage be eun'cyod 
as a whole, in a scientific Bpirit. Moreover, I believe that the sutijcct 
can usefully be treated in a purtjly pmuoml way, and I have through* 
out drawn on my own experi^ce. 

From thia it foltows diat any conclttsions 1 draw apply only to the 
cipcQinstancea m my own country, or mtlter to my own interpretation 
of what they have been and nuiy be. It will bo for yen, not for tne, 
to Bay whether you find tliejn in any way relevant to circumetances 

' Wrifbt Mum llit luiilJtntt nf tJli .ie-rafisHlIai 

In tfap tt. i. 4iMlUc4l'Eai« tX l>Hurtibpr 

1N4. br pmdMo* fm tM jwul ol JUmvnlffliJ IciiDM. thI. It. 
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in the United Stated. But tho itvtiniate rctUtinn.^ tljat hart; ejiiEteJ 
between worLera En Anierien. ani] in Eralund, in tlie field in which 
my mterc^ nml teapuh&ibilttba lie, give me tile cmjtage to believe that 
a summaiy of my exi^ei ieiica Jii»y be 0/ interest to yon, and worthy of 
this flocHsion, 

THE Al>[ or Rt: 5 EtJUlca 

Rescardi h tmc of tlie lliing» we bU onder^tatnl hat find diffitnilt 
to dtdbip. Ill (lift foreword to n remif iwnjihlet on Industrial Re- 
eeardi, Sir Harold Ifarlley defined it as habit of mind wtiioh makes 

attack every probltHi, big or smidi, in mi orderly, systcniatic way, 
using if possible the advantages that modem scient’e can give nsl" 
I remember Lord Itntherford, id e charB^leriEtically eipansivo and 
ompliatic mood, using almost tbe ?auie words. I iDvito yon to note 
the two words “If i»aihle,’' Tlwru are limits to what “modem science*’ 
can do for ua. In ri^-ardi, aa In otlier bumun octivitieg, we deiicnd a 
gow d^l on our wiis* Thert) is limitiesa opportimitY for incultioii 
fuid juitiAtiTe, 

Tito Dim of r^rch Is to produce a theory ai-mlj 3ii|i]i(jrt«d by 
experimental evidence. Though necessarily incomplete, it must Ui 
a^rlose enough approx itn all on to serve Ihc man who has to make 
worjL 1 trust you «ill not infor hum thiy tenant thnt I inn 
interested in i-eseardi only for what I can gft out of it, t have known 
ihe thrill of working solely for the fun pf [t, But I am interested, 
for tJie tmie being, in rewareh with a dctir and anmistakahle obja.- 
ti ve—the discovery of bow to make Wttcr aircraf l 1 1 is my experience 
that, for jmdi re-ieardi to tie not only fniitful but timelv, it is essential 
Uial the pwetica) probloiiis invotvod in its evwitiial uppUoatimi dmJl 
oJwnya be dear to tboso who ure doing iu This nml not in any wav 
n^nct tlieir freedom. Indeed, they ™ n gai ii ira mcnaelj from contact 
with tln^ upon whom the b«rdp« of appjying their work is placed. 

Hie theme 1 have Ukon is indeed tlmt it is only bv ijiilinato and 
wholehearied collhbonition between the research worlmr, Urn dosicner, 
tb* ronidnirtar,Hnd the luier that rescareli can tw mtellimmtiy planned, 
purauod, diiiI a[>p]ied. 


TliB INDEPENDENT WOUtCEll JN RESHAnCtl 


-U a pretiminaiT I proposo to give you an Mmnplc from my ewlier 

Bxperionce wfooJi I foej puts tin- point as it appear* to Uie independent 
ri^^entcii fixirktr. * 

I liave been personally vonceriied with resiearth in flight 
{$0 years. The two cliiof aarodyiumiic problems have Lo« 
are, dieredtict nm of drag and the improvoment of siahllit 
troL Throughout, tbew problems have been attuckcd in i! 


for nearly 

I, and £tiLl 
f and com 
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tJift prEciical qlJ^^s^itlnfl thro^vti up by continuiinH toutiurf, oa the 
hand^ with Qitm iltsrfgn ftiid build aircraft Knd* oa tlu? other, with 
ihof^ whn usf! llienip In my Mcp<*ri^ui;x- \i hiis l>wn this intimato rela¬ 
tion bdl ween the Uiiw partiee wliieh Iiua made ihb worlt conlinii- 
ooely exciting and, I bolieTe, proStable. Oa looking back I cwmot find 
any example tlmt c^mTincos me that we ;^hfKjlt1 hRv^ moved more 
quickly or more certainly had! work on tlie fuhdamentaLi been di voiced 
from tlmi on problems of the moment 

It is tmo that al tiniea, while we were developing oiir theory * we 
had the advantage—and this adds to my point—of iiuliTiduAl work 
going on in flighty under conditiona whioli I now boliove to hayo been 
ideal When I wa^ one of the team who worked ou these sub|e^ at 
Cambridge, wd often felt that we could do niore» c^r do it more quickly, 
if only we had more of something—men, ftirplarkte, worksltopo-bni 
chiefly mure hours in the day. In truths I think we did as much as waa 
pliyBically iJOssibk without enlarging onr organization, and, if we had 
done that^ our w urlc would have changed In chameter and woidd^ I 
believe, liavii ta^n less effective* That it had effect, and quickly, vtoe 
< luc to owr relatioti with ihfe cis^tahliflhmcnte that had the neces^ujrj 

resources to exploit it for practiral purposes with wind) they were 
intimately acquainted. They sfoizod it and rapidly iIevelope<l it- 
practienreffect can now bo seen not only in nuinj aircraft but in the 
ri'^arch i'<piipmetii arid programs of work. 

You will i^mnmber SirMchdll Jmie^V Wrtght Brotliers lecture, 
in which he dc^crilied some of the work I Imve ju^t referred to on the 
tioundary layw^ From my own ttUare in that work I can fjay that wo 
wt!re proioundly excited by the problems thimuwlves ofitl by the 
tuition of Irying to eulve (hem by rxiwriiuents tn fli|^\ti lint wc wer^ 
sliinulaled,anci all our dLscu^tons were illuminated, by the rediEation 
nf the potential appruailion of their results. This we oblaiml from 
our constant comUcIb witli iho experimental estabUshmenta 

and with aircraft deeigner?. 

Til lift my eiperionce leads me to the ttmolusiou that, while there 
fijioulil bo tio Piplicit litiOJiipt tn divorce Tfork on hufio pmbkmn *roin 
thot on iminodiiito oaw nf narrower rim^e, the fnUesl. dtcouragcnirnt 
■n<1 practiral siil>l>t>H slionUl be riven to indepencSeni workers. Wliat 
form this alioiitd take t hsritato to deline. M> own pieference a not 
for InrgB cndnimiftiibf to instilutUuia in tbe liOfw ll'uit tbev may attriwt 
)?ood men. 1 wimUl mtlicr make gem-ren# finance nvailablc ihr^rngh 
snme saud'^iriidojicadent advJstiry organ i^alian wUen the nc^d is mod*? 
clear by tie devriopmem of tlm work. This mny he either in wall or 
in kind. We at Couibridge had verj' little money, but the coiuitiy 
supplied us witJj airjdarK'H and niamUinGd and roitewod them. My 
only concern is tlist the |iojhU‘1'«jui‘ workbiji;* of tlie ntuchiiwiy of gr>v- 
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emmcnt, wJien fiimnoe is invotved, jubj tosuit in the eswmtial iialp 
cmujitg too J&tG, One day we gSiali to tntBl itur scientific BilTiserA 
with a ressoriabifl fraction of onr money on a btock-grant hnsi*! luid 
ask no accoimt except at longlah intervall 

BKSEAncn ON A LABQE SCAljg 

I come now to Uial claua nf research for aoronaulica whose scale is 
such that success {ie[>eitds on pluntiing of large experimental reeoiirces 
mtd on planning so that application to ptwetice may meet the foreseen 
needs of'design and its cHi>acity to exploit now discoveries. 

Wo must, in my view, plaJi research for aeronautics in throe phosea- 
FirsI, we niust relate all our main effort lo advances tii Imaic iheoty. 
Odd pieces of information witliout a clearj strong fnmuwnrk am 
wurt.li little. Second, we must provida the experimental infonnation 
by wliicli theory may be built up and its limilnttons recagnised and 
reduced. Third, we must ensum that axperinicntiil application is 
made in eurb conditions that tlie practical value of the theory Is 
confirine'l. 

There arc threo thief pan Lea lo lMb undoHaklng: firnt, those who 
arc by tirade workers in the Held of theory and those who have the 
llnir for the aasoeiateil exploration by experimimt; second, thoae who 
use of Uie naiilta tn the ireHign and construction of aircraft ; and 
third, tliose who use tha aircraft and on wliom we rely to iur ptnj t |he 
product of the efforts of the first and second. The e xte nt to which 
tJiese should enter into plarming of research can be illtistrsted by an 
exampl^Uio problem of redueing the cooling drag of power planta. 

That It is iwfifflbte to reduce the jaiwer wasted in cooling an airplane 
power plant to 2 percent leas of tlie hraho horsepower was eHttb^ 
hshed many years ego. Indeed, it was riiown that at flight speeds that 
were then wuhiii sight and have now been pased the cooling eouM be 
^da Id help to propel 1 he airplane. But the cooling of s power plant 
IS a matter tliat goes far beyond broad conceptions of this kind. It 
mvntveg complex flovra of iiir and liquids, demanding ragulation to 
mert the varying conditions of flight and high standards of reliability 
m functioning and of ease of maintenanca, whidi are of tlie srcatcst 
concern lo the user, ^ 

It was nut until other developtnente 
40 mutJi that tlm power-plant drag wj 
designer became convinced that the 
attentioti. EIo has finally sticce«jcd in 
are no less rdiahlc and Iuits a much 
the slight additiotial embairasnnicnt ti 
higher speed and greater range. 


had redii^ the rest of the drag 
M a dnminalifig factor that the 
problem demanded lits aerimte 
producing cooling syotema tliat 
loww tlrag. The user accepts 
a maintnnancB in return for tha 


WS^ARCH FQB AEHOKAimCS—f ABllEN 


255 


lint tJie praciicii prubl^ua of Bcliievmg thi: full result tire ^uU uiUj 
pirtiall; ^HDlved. Ftsw |H>wi£r pluihtii will iitmul up Uj crittcid euuiuut- 
tiuii on :^udi tfoitilb as tow-lo^ during or airldgbt ix^wling^ It ie u 
difficulL cngmcering ppoblom to design tmd make such feature at die 
liame Euue light and eaaUy irmnovabk Mid replaceable) without dmiutge. 

Tliraughout. the wlmle history of this developmcijit there has bean 
intmate as^odationt boiweeu Iho Lbt^ partiei diicfly etmeemed. But 
in my view we can now Bi>i» tliat a better planning of die enterprise ms. 
a wbule would have saved much lime and was^te of work, hi pari icu- 
hiTf an earlier realiimlicm by the di^gner of the out^t^dii^g advance 
that a us within his grasp would have brought hitn to a elu&L-r i^ooperu* 
tionf on strictly praciicftl line% with his only suutt^ of speeihe infor- 
matiim — the TesfMicdtt tfitablislimenta* Tliey in tnm wore backward in 
diat they did not provide themselves with the right Eiuiierial by which 
doue convincing [iifuiTnatiorif directly applicable to practical prob- 
Icrtts, eotild bo cbtaiueiL This is a case iu which 1 believe the cnlight- 
oned usoTi, if correctly iidTiaed, cuoJd have forced the pace. 

A SL^nVEr OF ^ fHAKB' ACHIEVEMENT 

The final criterion of our success in using the knowledge with winch 
we have been supplied is Hie exiefit to which the prcKluct of our efiortn 
has improved aa Lime has paasod. The curve of advance is not a 
sniootJi one, Over hjiigiah periods we often see liltia beyond a &h>w^ 
rise in achieveineiitf and wc tend to believe tliat there is little mom to 
be expected. Then there conies something in the natniro of a tmns- 
fomiationH It is often lUKWibod to a dngle causa and, generaUj;^ one 
can say that l.huro is an uutstauding stimulus. But if w« compare the 
final product^ — in this eose^ the airphmo itself—before and oAcr tlio 
event, allowing a long enouglt time for the situition to !:eacb fairlj 
stable ataic, wc can make a fair aesmmeru of the rtdati vd weight of uli 
the mfiuencas which have collt^ibutl^d to the duingc^ I believe such 
an examination of the advance of the airplane beiween say 1017 and 
11*42 h itsiefu] in providing ns not only with a means of examining how 
far W 0 have been tnjcct'sasful in u^ing ibe results of reeeareh but also * 
guide to the part playcid by sKeeir engineering sktU and inilmtive. 
Finally, it may serve as a bnoe from which we m4Ey nurvey mme of the 
p<i<eutial advances that are now o|»euing out to us anil judge what 
resources we shall nei^d In order to achieve them* 

1 ^jdt lake two typkol nircraft that vrere in general and succesaful 
use in 11*17 jind oompara Umm with two modem idtcmh of simitar 
duties^ Naturally tlicrr are striking <lifrerenciefl, andl wo shall find no 
diffteuhy in tracing them to their souBut perhajw equally istrik- 
Ing am the chamdcristics that hsro upparenily iiiidtirgtnie little 
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dunge. 1 dutih, liowcrer, Uiat. ishaU fii !0 lltat Uui efTt^rt to preurre 
ttipm imcluin^d liiid luadti aii lugii a demaiic! on resnoardi and luigi- 
neering slrill ns that ivqaired to produce the tnom ohvtous improve¬ 
ments. 

During the Inst vrnr the Ho^nl AircraTi Fnciory (whi^ become the 
RojrnJ Aircraft Estohlisliiutmt in April 1P18) prodttced many designs 
for aircraft which wore constructed in large numbertE. One of the 
succesefuj was the 5. E, 5, n single-fCiit tighter with n l»0-hp. Hispnno 
Suiza engine. It had n creditable hktorv* os a fighter. I propose 
to compare it with n Spitfire. Than I aiiall taire tlie Hundley Page 
0/400 twin'ftngiiicd heavy bomber imd compiuB it with, u Lancuster. 

I aliflil not I)C giving away any ijjfonnntiou to our fttiemies, Xlmy 
are well acquainted, in more ways iJian one, with both Spitfires and 
T je ncas tertt, Some of tliem may eToii remember the S- E. 5 and the 
0/400. For my purpoM^ it b quite sulBcieiit to take examples of marls 
of the modern types whose performance has long been suTpassed. 

Ii«t us first look [it them in genend outline. Figure I shows the 
lOlT figliter. In Figure £ its spoctficflily military fcoUircs hare dis¬ 
appeared and around it ie Uia outlinn of the Srimeidcr Trophy 
streamlined monoplane, the useential product of the [teriod between 
the tv.o world ivara Figure 3 shows die 1042 fighter. In Figures 
4, 6, and 0 u slmwn the transition from the lOlT bomW, through ilie 
streamlined alrlinrr, U> 1W42 bombfir. The most obvious diffar- 
eticew are die change from biplane to monoplane and the generoJ 
cleaning-up dne to eucloging the crew, abuliehitig cstcmnl wing 
bracing, and retratxing dio undercarHagn. Ccunijaring them type 
by typo, the over-all d'kmt>n.su>us are not very dill&renL Tlie SpibBrs 
has the aomo wing surface os ilw S.K&, shout half Lite dreg, nearly 
iwjfte the strength, Uuve iimos tlic speed, four t imia the total weight, 
four times the military load, and aevon tijms the power. TJw Lan* 
caster lias about half the drag of the HofiiKcy Pago 0;/4CiO on the smne 
of wings and about tJirce-qunrters die wing surface. Ite total 
weight is nearly five tiiuea as great; the wing loading, over six tiroes; 
the power, eayen times; and itia uiililary load, wlUi a 25 pcrwnt 
greater range, over eight times. Let us inquire how ticmc of dici^ 
improvemonts have bceit made. 

DIIAG HEI>CCT10N 

Tlie duingo hi drag c*)efflcienr Ct,^ in of fiist interest. I Iuito not 
found It piissible to get accurate figures for the older nircrefi, but 
Ihcy are npproahnately 0JI30 for the fighter and 0,046 for the honiber. 
Tlio carrcapotiding modern figures are 0,022 for the Spitfire and OJMO 
for die Lanawtet. Thus, per square foot of wir,E surfare, the total 
dreg has been reduced to about 55 and C5 pereciit of dm 1017 atandard. 
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Camp4iTDg thu two fighters in more detslh find first that the 
wing surface ia tlie same for botlL Disregarding induced drag (or 
o^umLng it lo be die same tradition of tlie whole in cwb)| ihe top 
speed at tb& siim^ height will bo proportional to the cuba root of 
Um thnwt power divided by the drag coefiiciewL Since the pro- 
peher effidenc^ is near enougli tlie same for both^ we may brake 
power. Taking ground-level powers in both eosas—ISO hp. for the 
Hispono and 1^260 for the Merlin—the ratio is about T« Thus the 
contributions to inGroiiso of speed orc^ 

by rodtiction of dreg J ^ l 

by incimse of power (7)*^ =Lil2 

The produd. of tJieee figures is 2M, 

If we aamitne that by supcrdmtgiiig it la possible to keep the Merlin 
(Kiwer constant up to tiuy ^,000 feet, where the density is npproid- 
mately halved, we shall get a further rise; 

by suporcliargiiig^(2)*^ = 1,26 

'rbe total ratio of increuse is therefore iif?arly 3. 

At this point I feel that the ungine people arc feeling very ptefised— 
ujid wo Wvo good reason to acknowledge the succcsss of their i^^orL 
But Uiese Bgurea m they flond do Iisbs than Jui^ice to the aertNlymunie 
conKributiim. Ail the tooUi^g required by the seven-times iiicreased 
power has been provided and yet the aircraft 1ms no more than half 
the drag per square foot of wetted surface. 

How have tliese Improvements been madot Let us look firEi nt 
the drag account Itablo 1). To the saving of 47 puimds, ihn most 
obvtoua cnntrlbutiona are from tlie olknitiation of wing bracing and 
undercarriage— Ai pounds in all^ Bui tlie body and cooling drag is 
actually reduce^l by over 10 |)ercant in opite of llic Bovefiiold increase 
of power. 
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For the bomber, iba reJticlion in is rather less tbsu for tlie 
liglilBr on ancoiint of tlis of doionsi'vo armament, bin othervise 
tho influences operating have lj«en nineh the same, 

Towarfl the end of nij [uper I (iJial) say something about what 
further improretiients in drag are in sight and ivluit problnma wb 
have to solve in order to aehiove them. 

iTEttJHT Ai'ALrSIS 

Ijet us look next at the weight picture. 'ITio Spltiiie weiglis femr 
times as mneh ns tlio S. E. fi; the Liuicaster, nearly five times h? luiicli 
ns the O/iOO. Wliat hue made it possible to carry go niueJi adilitinna] 
weight pi'r square fool of wing surface—for the flghter four timea, 
for the bomber sis timoii as much ? In the airplane itself, ftrat, the 
dovelopinimtof flaps giving higher tnaximum lift coefficiont and higher 
drag* second, power plants of much greater power per unit wolght; 
ant{, third, con^ant-speed propellers to make tlie power fnJlj' 
available ovir a wide speed range. But larger and better airflolds, 
porniittiuj' higher take-otT and landing speeds and Intter flying tecli- 
niqiie, have contribaled even mon>- Tlic eflectivo marimimi lift 
coefficient has rtsen by alwut 65 percent Even so, the touch-down and 
takn-ofl Speeds, with the higlior wing loadings, ora 60 to 80 percent 
hitler. 

Aeam^risfm of the weight atiaJjBca and Joed factors of the Dghlers 
IS pven ill tahle 2, Ai a niatter of interesi;, I have given ako the 
weight analysis for the FW 160. 

How has this remarkable aintilarity of weight distrituilion b«n 
mintainodl Fmiu the btructura] ^Mtint of view, it ia esBentinllT hgr 
jncroafijTig wing loading four tjmra that it Jias been jwBsiblo to go 
fnHii braced biplane to motiuplane with nearly double tho primarv 
strength, from fabric covering to a metal skin, and fmm a fixed lo n 
retractable tindercarriagc with no Hjgnificant chanses in per«-entaim 
structure weight, ' 

From the point of view of the power plant, wo have Ut rwowl a rise 
m the net output por pound of compleU; plant in the ratio of about 
f to 4. 1 he compleio plant of 1042 iiidudea birth constant-speed pro- 
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peikr Aud eiipernharffing AirimgienstJils bt whieU th» power is timin* 
(Ained up to hoight^ at ^hicli tho air density is hsdtf or l^e^ thttu 
lull ft of lluit at f^ouiid leTcL 

Far tl>e saunfr porcciitaee fuel uraight tlie range w some 40 perctmt 
l>erter at a murh higher cnibing £|]wd. Spocifie fue! confliimption 
IS much ths siftTTifl in spite of tha praat improvement in spwiflc per- 
fonnsncfl achisved in the face of the burden of snpemhargiiig* We 
must iickiiowledge here the tremendous contribution of high-cHrtane 
fucL 

We am left in both ca^ with about one-rixth of the total weight 
for the many his eqnipn^enf, aiid artnaTnent, Tlia weight <if the miin 
is the ^tnu as it was. In lOlS it exceeded t)iat of iiis whole fighting 
oqinimienl. Today it ifi hut e fmetion of it, Ttie weight of the 
bulkiti nloM in tlie modern fighter exotxKfe thet of th* wMo ritim- 
ment of the $4 Ei 

For the bombern, weight an«JyE«w arr stiikin^y different from 
those of the fightei^ (tohlo a), lit 15^17 we thought it nuturil for tlie 
Htnidure weighl of a large bombor to be greater than that of a small 
figUter—46,* percent compared with 20.T percent In fact there 
M vIeWij widely held and expressed somewhat foi‘cibly by Dr^ Lan- 
ditstefi that aircraft of larger epan than say 100 feet would b# 
imeconomieiLl becati$e of til a opErutioii of the squarc-etilJe Itiw char* 
octeristic of ricolly similar structures. Designer#, aided by 

research, have managed to avoid tJie consetpumcea of this law, ITiay 
have betm so successful that the struclura weight pert>entago for the 
Laxirasler b practically the same as that for the Spitfire. Tho load 
factor of the bomber is, nf cour&C', much lower than Lhnt of the fighter. 
But it is probably little different from that of the 1017 bomber- 
The prog™^ that hoa boon made b thertfore remarkable. 
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In the iehieremetiU f?ummirifcMl above I think aerodynamic, stnie- 
tura]^ and imwer-plant improvements can fairly claim about equal 
shares, anil tcp cnch, 1 the eontributiona of research and of en- 

gintHjring skill nrid ingenuity huTO been about equals To pursue tlie 
uiaiysiB would lead me away from my main theme. But 1 think wo 
may, with advantage* tbn history of effort in the structural and 
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AcrodjriMniti firlds n Uwle further in order to show the nature of chs 
difncu][ir»tluit hove been met and the methods by which they hAve beeii 
oFercttme. 

ffTBOCTUHAI, DISTEW)PlIEK'f5 

III IPIT tlw great majority of nircroft Btrurttires were oiaJe of wwnJ 
and steel. I^ight alloys were little used. Wing surfaces were covered 
with fabric, and torsionai stiffness requirements were met by tluj bi¬ 
plane wing stmeture. Today, with few exeeptitmB. use light alloy 
for the primaty structure, and totsioiiai stiffne® b derivud in roost 
ca^ from tlio light-nllnj ahcct wing cnTeritig. The very con- 
9iila:n^]c^ thnt bus bteiU zande in ultiminiujj-ricli tdtajs 

comributeachiefly to the wingspars. Ttiere is os yet no oiartel sign of 
a derelopment in their properties or application which wiU reduce the 
weight involved in meeting torsional stiffiiaafi reqniremente, Thb b, of 

couree, bccaoso these mrolve etabUity rethcr than rtretigfh character- 
irtfes. 

I do not suggest that the cnonnoiis effort tliat has licen put into im- 
proving airc^ materiab has not oontrihuted to the maintonance of 
striKjure wei^t at a mnarkafaly low figure in spite of mcreasw of 
speed, strengih requir^ents, and size. But it b aigniacant that Uie 
afosquito airplane, which ia made almost entirely of wood, has a atnie- 
tiire weight B8 low as that of the equivalent metal airplane. 

One feature of tlie modem aircraft whkli has undoubtcdlv con¬ 
tributed to a more economical wing stnirttire, in parttculru-, ia the great 
increoso of wmg lending and therefore of wing weigh: per unit area, 
which has made it possible to employ the material to much greater ad- 
vaiita^i. t, to hoTe a smaller ptfirentoga of relatively lowly atresed 
matenaL This bnngB me to one of the outHanding eontrlliutioua of 
reoMrch to BCTonantics^namely, rhnt derired from the invcsticatioji 
of the rtren^h of actual stniciores in dose association with theoretic 
aualyms It ,s by such work that it has been possible to increase greatly 
the useful toad of practically all airer.ft now in uso. Tlie 

airrraft atmctiires nndouhtedly pays . 

of structure well adapted to meet the 
demwdEon them, and fmdamontatly economical in chanidor, but have 
where our knowledge of the detiiileil distribution 

«lf^t r T I"** know], 

ed^and to strengthen the sfructtire against unforeseen local weak- 

Tlie deto^aiior, of the loads that the rtructure. b called open, to 

difficult ptobtenL \Vi. are mtlTiji- 

r.**' ^ e™«JI7 

w-all figures that, useful os they are, throw tiUk light m the load 
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ditiiTiuiition im flight We have tpnv aTAilable a tnethcwi <tf greti po^ 
Umcy in the rural rcalutanL'e atmin gauge. Thia is being nad with 
great dfect a large Ecnle- in laburatnry and its application to 
measurements tn fliglit la being rapidly develnpe<L It will unduubtediy 
prove to be one of llio greale^ t eoiitribut ioiXH of the r^aith worker to 
miproi?einent in tbs stnuinres of aircraft. 

Po^ibly the (^reaiGst nchiemmsnt of the research worker In the field 
of aircraft atmetnres is in difiooverinp bow Co avoid the dangers of what 
WB comprise in the term ^flutter.^^ In my view^ there m in the whole of 
aircraft engineering no better eAiiunpta of the power of mathemivllcal 
nnalysisi of ingeittiity in experiment, and of dsill in interpretatJon. 
Tiw successfnt attainment of very high q^eedSy with a renmrkaLlj wmtiU 
number of serious tan only be aseribed to the must ekiUed use 

of all these r^mn^es, gaidod by syatematie review of the results of thfiir 
application. Direct eipcriment in flight—the only eafisfactory 
jject—ifl almost, impracticable. Laboratory detormination of tdiabb 
mimerical values of Lite essential quantities lavolved ia extremely dif- 
ficulL Much more information on the^ is ossentbJ for progress, and 
her® the designer can juatiflably demand all tliat resBarcli can provide. 

fiTTABILrn: AND CONTROL 

Up to this point I hava fiaid nathing of Lbe eontribution of reseaixh 
to the produclinn of stable and controllable aitcrafl, I am glad i>i 
cay that the time is now long past w!ieu lack of ^ability is regarded 
by anyemo as a virtue in an aircraft* In ftici it is iioquesdoniibly a 
most serioiis dofect, whatever the duty of the aircraft. But it has 
alwm)*a Iwon difficult to define the noce^ry or desirable margin? of 
stability and the sasocistod general stability and control chatucter- 
hrfiea. Tlio designer mtut, f$owever^ have the requmsnients lExprassod 
in tertiiH that can lie rellectiMl in hbi both as a whole and in 

detaiL ITe muirt be able to judge fairly accurately how the ohingies in^ 
evitable tis a design develops will react on the stability and control, 
and he must have al his disposal means of dearuig economically with tln^ 
conaequeaces botb of ibe variation of load dlistrihutioii resulting from 
oporalional condUlonH and of the changes involvcil In the development 
of the aircraft. 

There is n good deal alH>ut tho liability and control of ai rent ft in 
which there has been litth? apparent change over tlic? ijcriod covmti 
by tho examples 1 have taken. 1 believe, hnweveri dint lim is simply 
hecaufio Lho dieairahk gonoral characteristics were attained by about 
IfilS. Since llwm our mam probliaus have been, tim. to preservo them 
tub^tanUally uiidianged In spite of tho profound chtinges in the form 
qI aircraft and, second^ to onible tlia ftaiiic man to eontrLil much larger 
and much faster aircraft 

—-IS 
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Tlse fouDifiitions of ^abiHty and couirtil iKmh^ w*re Laiil^ and 'ifbU 
laid, loup a^o. Much labop L«n ftjmtit on tipaniimg ii to ombrac^ 
new Jevfllopmenltf, lucii m 9*n3ffltuiml diattmion, and on the antlysui 
of the oontmlled and imcontruUed motiom of aircraft, A vast amount 
of eiperiniental evidence has bean Bccuiiiulared Mach of Uiiit, how- 
aver, is rolatt^ rather to specifle prohlains tlmn to the awtomatic dtivch 
opmont of an luidcrEtajidii)^ of (he maUar. There i 3 Vt>ntn hura for a 
vholffiate imprcivciiifiiit, partLcuInriy by m attack on n wider front in 
JJipfhL _ I am not amotig thus* who eriticiae our record here on the 
prouiida that wo did nui undertake enough hesir work at (he dma wlieu 
Llje airplane, as we now know it, fir^t ci^etallizctl, 1 regret that cir^ 
cutiistanccs made it impossiblo to give this work high priority. Hud 
wB been aide Jo dow,, wo might have avoided niuiiv trouLh^ mid naved 
much labor, ifut I th not believe that, on the balmiM, we would have 
readied mir olijoctivi— usable aircraft—more <tuickly. Wo relicii on 
our p^t eiperionue, on our ability to imiirovl*, and^post significant 
of aJl-on our conviction that the theory availnble was soundly 
founderl on experimcJital evidence. We discovered, hv the altadta we 
were forced to nake on troubJea as tliey arose, mudi more aliovit sta* 
biiuy and control than most of lb bolicved tiiare was to Icani. Thus, 
and I behpve only thas, could we have mlvanahl at tile nito we did. 

ll m m eici?ltent BXMU'plo of Uiu lutcrTrarkih^ of rasturcli und 
Application. 


the fiold coiit™l balance we Imve made tremendous ndvanres 
in the face of diilicitltiss tliai. ure fiometime^ bardly appreciated Tlie 
101. bomber oiMPrated nt apeed^^ to lOO «i.p,U.-ai wltich the p^ot 
»uhj provtde tlio foroes necessary for contrel wilh little or no aero- 
dyiiumte balanre Take the o,/4fi0 atlerona Tile maximum hingr 
timmcnt r«iuired was probably eiiuivalent to a fore^ on tl.e iiilot'a 
hand of the order of 50 iitmrnU, with ailerons on which dm aero¬ 
dynamic balance was prahably no botier than one-half. In the Lmi- 

T*" "’";rthe same size ia required 
u^t ^ m.p.L., requiring nine times the fovxes, Tlie pilot in no st ronger, 
uo ti e aemjynmmc ladance most reduce djc hinge moment, to ,mv one- 

Suppose we put up the weighl at the «ainc wing loading re 100.000 
p..und^ one and mie-half times that of the l,^ni^ter. Tim linear 
dimensjons wfif nse >n the ratio mid tlie hinge mnment at the 

lorttn?ilEic«' tfao hinge moment in the ratio 


V(lJ><L5)^(3)*^l/»0 

to (S00,000 poumhL \\ u can certainly achieve 1/00 mid ixwsibJy ! /m 
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in ideiil conditioiuu But it ia (tnubtfnl wljetiier this u a wi*e policy, 
aiiicD WO con liiLrdty exjivcL lo rli^fine or to Tnoiiitjiiit tlii^ sIiojjce of 
sur&ccs sufricieiiily cloeely. I’ower^oiwraicd controla huvio botn 
nvoidod so for, but it is tojwiaa to assuma th»t wo can nogloct tiicm 
indefinitely. Thojre /seeitta to be no good raiKm to be doubtful of our 
ability lo niake tlicni rdUbbt 

POWiai-l’LAXT DEVKLOf^tKSTS 

1 do not proiKHW to ejtenrl tliis survey to tbe two othET main fattoia 
that have contributed to the ehaugee we tmve seen in aircraft—the 
jiowcr plant and the propelluri I liavie alncudy quoted sunie figure* 
that show how mnarkahly the reciprocating engino has sdi'au^. 
I have also said that there have aince been further advances, which, 
however^ uorve rather to ^npliastsse the ocunparisons I have made tlian 
U) invalidate tjitiin. Tliie ti because tliero have been aceompajiying 
changes in weight and oilier charactcristies that leave llie nmin con¬ 
clusions Eubstantialiy nnaffocted. Our dclrt. Ui the eiigihccra who, 
aided by mscarch, tiavo achieved these resnlta is immense. 

To the oonstaiitHBpced pro|>aIh'r ihc performance of aircnifi must 
also acknowledge a great debt, Bui the Hying man la even more 
grateful for a'lmt it has providotl-—almost c?omplete frvAHlom from ht& 
chief anxiety, namelys the liahility to niLnisu his HUguie. We now look 
forward omifidently to new iiitithoik of propulaiuji for aircrafu But 
1 believe the propeller has a long and useful future bvforu it and oiiu 
in whicli research will play an outstanding part, 

gtJMaUta'—THE TASK OF aEf*E=\HCH 

I trust that this short survey baa gone sotno way to show why I am 
convinced that the research worker and tho engineer must work to¬ 
gether if wo aro lo niuka significant progress. In hi# d«nea Forrcfit 
loctumto the Inatitnlion of Civil Kiigiinje™ in England. Dr. Southwell 
said thttl “Aeronautical onglnwring b ordiniiry utigineering mads 
mow difficult’' If lliat was Ijmo in I9!i0, as I l>eliove it was, it is mort 
than ever iroe now. AVe con flee cU'sr priispocls of great advances in 
aircraft Tnsize, in pcrfonnancu, and in aifety. The curve of iiiiprova- 
mem against time shows no real signs of tinttiming <jut. But wc sliatl 
need all our ingenuity lo avoid or to overcome tlie barriers which wo 
can see ahead. 

I think the engineer has made gitod uno of the outstanding oontribn- 
tions of research for aemnauticis. 1 1 at timea he Itas apiasarcd alow to 
Appreciate the significance of new developments, he hni^ a good exriue 
in his prtNxscupation wilh producing something on which we can t'eily. 
Tilts is a euilicjeutly serious iuMponsibllity and one that he has borne 
witli credit. But it is this very preoccupation tJittt entphosizea the noed 
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for eraplciyii^^ as pan of an engiacfiring oi gntiizalion men compfltnnt 
to (letoci tliflsfl advances in knowledge which are potentially vnlaable 
and to work out the technique of applying tliem. 

The reoeatdi worker himsfllf is not blameless in this respect. Wo 
esn call to mitid tlie case of Mendel, tlio signidcance of wijotte work In 
genetics was not recognised niitil J10 bad been dead many years. His 
case is an c^tamplo of discoTcxy not appreciated becauee it is too far in 
advance of the general state of development of the science. Dr. Lnn- 
chester’a books Aerodonotics and Aerodynamics contained; mnch 
which may perhaps be regarded in the sanm way. 

The iufitanecs I have mentioned may, of conisOi be regarded as claBsio 
esamplea of the difficulty of disseminating knowledge. As the voltune 
of knowledge increaEcs, this difficulty gmvrs. In the hall of Trinity 
Colley, CiimbridgE, there hangs the iKwlrait of William Whewtll, 
iomotime Mofitor. It is said that in was tlie last man to know oil 
knowledge. He died in ISCfl.* 


But tlm rtaearcL worker bofii in my view, a part to piny ip ‘‘putting 
acTOw iJifl 1^1 la of research. It is masonahle to mk thui he ahonld 
put hia recite in such a form that they am !« used. To those who 
feel tJiat this iB hardly worthy of bo much of their time and ettentiuQ, 
as ,t certainly demands if it is to ba weU dons, I would command 
the of one of the greatest workers in aeronautics, Hermann 

Uhtuert Every one of likoutetandirtg contributions to oorodynamics 
was fit^hod m such a form tliat the method of its application was 
mitdo cW. I am not aware that this in any way detracted fi-om the 
value of htfi work on whatever basis it may be Judged. And T know, 
my long and mtimate friendship with him, that he regnrded 
it us the (lalurul meth^, and indeed (lie only one that would Milittfy 
ms mnsti of cniftmanaJiIp. 


l^EOBLKaif? THK IMltEDlATE ytrrt T^fg 

T*;" “'"^'*'=1 »< «“>■ !»»«" to offoclivoly 

the resal^tfmt mi idliance between nscarch and ongim-crjiig Ingenuity 

the futuret U ua look for a moment into what the future mav hold 
for «B m field alone: still further improvement in performani^ 

111 EpeiHj uni! jn • 

waTtolTvfTlrr’^/S T ‘I''* nmst econotnicat 

tigy to ny foster le to fly higher. ua mppom that w« eon eitond 

KtiflTTthSinj cMr* 1 kb^m it 

WhMrt I Ilon't huUiiw liti-t tSflwIitdfv 
Aa4 1 fl^ llaitM pf 


aU 4 la 18$K, 
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iho r&ngfl of opontion of power plants eo thii[ propttlsivie power is 
inilepoiidcnt of height. Talnng *n airpljuic with the diaiDcteristii^ 
of titt SpilfliB ftable 1), atitl sssuniLig that under all con^ 

ditionfl, the curv* of efpeod ngaitist hdgbt; is shown in Sgure 7 labaled 
A . The line of sonic speed f Marih tiuml»r=l, U crossed at 05^W0 feet. 
In practice ttie effect of tlie compreasibLlity of air begins to he felt at 
abont if—0.(15 at 3S,000 feet at a spued of about 430 m^p.h., and the 
rapid rise of Oi» with J/ brings the enrre for greater heights down 
to about Uie level of ciin*ea'li. Tbc ices of specid is very large. 



isChii^rT, iMcmww or fcet, 

ncm f,—Truff lef <4 **■ iBflti- 

floct* of rwlaclioa of Cm and ol cotlilMowllillItT^ 

ProrpiiLiiT^ pomr* winf vtntBCor 

irtof Uwdinf, 28 ft-: WFpW mllft. Mi 

If, by ddriiing tomm that w^ill Miaure »rsm& raeoaure of laminar 
flow, we can hitlv^ find at the earner titoa avoid compmaibality 
friTocts, w<5 g^t COTVB Bw Bot if comprossibility haa t.to sama kitid of 
effect (IS an th« originnl airiilin?, tho reanlt will ba ki daptew the 
(speed to curve Bi~ StniLlarly, reducing to quarts of the 

original TalD«, we gat curvoi C and Ci. 

If wts ati6 to mch rmlly high speeds (ScononitcallT, it js clear that 
we must devoU! at lewft is much effort to araiding or reducing the 
effect of compresdbility oe to mlucing the “low apeed-’ Tilne of Cn*. 
On the other band, at speeds at which it It iikely to be economical 
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to oruiiiB for long diatiuiaffl, roiupwasibllitj- irill fw somo tijna be 
raJAtivoly uniniportAnt juu] laniiiur'flow fbrttig a Afar outstuMliiig 
prospi^ct&i In found ii^roa rsn^ one] economic^] croieiR^ speed mrc 
intETseljr proportional to tha sqnaiv root of <7n,. If wa ran Lalve 
Co*, bfit.h range and crniBing ape^ will riaa by -JO peroend 
We moat not tliamiEs too lightly tbs possibility of cruiaing Boonoini- 
cally, at great height, at vety liigh spoeda—^peedi) ul which coni- 



FtOLiz &~-Crttl<Hl wing toadlqg r*, 

True level apeHl Kio ai. p, b.: 
flow Injitltiur DpttiUOpijnsitmef chnnl; 
■Irtdl Utlctoan 16 to lOpem&t. 


pi^hiJiy mny xnsU have a dominating influenca <m design. Wili a 
War Uow extending over the majonty of the surface of the air¬ 
plane wa may tisa.ionably expect to be able lo cruba at 4i50 m.pii.- 
. lUi, "f .boul OX C<».*feridB th. «Hdl .liTO, 

“f «»* «I»<I WB otoiir «t > r«illl 

ft . mrf.w ,bn„ n, lift rttdiBi . aanta «!»^ 

Ha,», th. w,„g iMdii)* niMt UK .uwd . fig™, &pcd,„t u, th. 
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height. At the Ueighto at irhidi it k likely that ?«cb speeds 'will tw 
(Hsmiomica], fTOCJ the jjowttr Kspeci, cak’ulaliuii suggiHU Llidt rather 
low wiiig loAtlings will be miulml. Figure 8 diowi the rfffijJta of 
Boiue preliminary ealculotiona on this point. Tile wing loniiittg cor^ 
responding to tlie otiLicftl conditioiiH is sensitive both to airfoil Lhkk- 
t >py« ntid to height. For example., nssuming CO porccjit of luninar 
Ihtw, l&-{M!ix>ent thicknoss, mid a cumber appropriata to the lift co- 
fiCident, thw criticnl wing louditig at BG/XK) Iwt is 28 pounds pet- square 
foot; or for a 16-pert-ent thickness, SO poumls per square fooL At 
^0,000 feat iJie corresponding loatlings are 41 ami ac. U tliese calcula¬ 
tions are sound, the effect on the general oconoimui of lli* Bitnatioti 
w'ill be tmirked. Hero is another reason to justify extensive theoretic 
and cipcrfinftital work in this field, 

nmB we see boUl the barriom to progress which now face us and 
the potential rawanla that will bo ouw if wo cjm Fucewd in surmount¬ 
ing them. I return to my niabi theme—the reBearch worker, the 
designer, the L-onstmetor, and tlic user must join forcwi and, eacii 
fortified by the coiifidence luid help of the others, plan the work tliai 
is needed to provide iho information, pursue the hivestigatione in 
the conviction Ihnl the aim is worthy of the effort demanded, and 
apply the rcsiiilts to produce better airplanes. 

From aaroftynamics we demand not merely the bare Holutiori of the 
problem of forms providing laminar ilow, relativelj' immune from 
dfects of compressibility. We require specific ittfonnution covci’ing 
the whole airplane, including its propulsion, stability, and control. 
It may be that the whole lay-out of the aircraft will bo diffomit from 
tliat to which wo have been aocustoined. It is fur the aerodynamic 
people to say, but tliey must Uafiti their opiniuns on a Buimd foundation 
of experiment. 

From strnctiiral research wo requlFa to know what achumca of 
Htniclural <lesign are mrot likely to provide the nwsjssary precision 
of form end superficial smoothness and how to ropo with new Htrength 
and stiffne^ rvquiremenLs. Acrodynaiuics must supply information 
on Ute loads tlial will Iw met in flight, and much Lhought must be given 
to the metefirolugic conditions tlint will be eucountored. 

In tho future it will lie inHKXHible to (Miifiider the airplane engine 
and tile airplane an separate entorprisce with conflicting requironomts. 
Tbe thermodynamic: problems will be Berodynamic also. Tlielr joint 
solution will throw up more than enough of rhe design problema at 
which the power-plant engineer excels. 

Will the tranaformation of tins energy of the fuel into ihi'UBt de- 
tiiand a proptiller or a jet nr a ctimbinatkin I There is no viitgle 
answer, ft will depend on the duty of tlic airplane. But thi' pro|>eUe-r 
dtetgncr will find that his task will Inx all his ingenuity. 
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U[ion tbe airplane designef wil! fall tEm btirdun of comblninir iuta 
a working proposition tiie rootribulions of oil bis collaboratora. He 
will need to proride for prea!>iu-t£itf cabins, ice-free EOrfneeg, and 
the many indiapenisable aide to control, navigation, take-ofl, and 
landing. 

To the^mser the pro6|>ect3 are such that he eboald spore no pains in 
encouraging the rveearcb worker nnd the tiigitieer in their difficuU 
toake. Ho must support them to the ftiil in fihudning tiie resourcea, 
in men and material, which will Us eesfenUiU for Eolving their prob- 
And be Eiufll coBiribuU!, os a member of Oil* temn, Urn opera¬ 
tional information that will guide tJieir effort® at all stages. 

The eapetimental rsiontces that such work demands are large 
Tljcy mnat be ^tientusly planned to proride the Greatest po^bk 
scope and deuhility. It will take time to devise and to create thorn, 
and during this thiift weahalt inedtabiy meat fiirthfir difficulties whose 
ftwet nature we cannot yet foresee. We may be confldout in oiir ahility 
to adapt and U> improvieo, but w® must ensure tint the bsaic ecraip. 
ment IS on an adequate ecsle. 


THE ktANAGKME>iT OF BEliHARCH FOR AEBOjiAtTlICB 

I have Jnft until lost such remarks mi I hare to make on an aspect 
of platimng research for aeronatildcs to which you may feel 1 ghn nl d 
lm« PM ^ a,, „r8.„iz.,i„n Jd 

of Uie work on the scale that the scope and cmaplMity of thks prob- 
le^s demand. In wh»t 1 said carjjcr I have aniphaeJsed ray belief 
in the value of the independent Biimll Uam of workeia, who necessaril v 
work on u small scale with relatively «uull equiprmm^ snd on one 

tontlv^tr^*' T recognize, p^rliaps relun- 

tantly, liiat we have problems to solve whicli cannot be handled auc- 
cijaefully in that way, ^««;u 

rJiii!ll wWW ^ iargo size and H,mpIcaUy of the equipment 
wqiii^ which forces na to face the tank of managing largo rv^arch 

^ imSir^' prohlema wo mnat attack 

a^ interdependent, and that success in dealing with them depends 

on a««=rnbling and coordmating the efforts not only of a teambnt 

hi I ^ undertaking we have U. 

b^L the work down into jierbL Each part is the primaty responsi- 

L wnhiel 1^7 nit the 

^ -ipprcmched not fr,«n the top hut 

Si ^ 7 ^ 1“ ^ “ 

him. In my eipmeiice, he needs the following; 
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(1) A cU'AT, unnmtiignoua staicmvnt of uUlmnte objective 
This most be mrite thtE n stnteoient of tho specific probkni. It must 
relate it to die genera] picture of which it is a part. Thuu lie wilt 
know why dio work la being done. 

(SJ An oppartuiiily to give hi* own rictvs on the value of Uw imder- 
Ijitig ideas. Tlie baflic plan mu;;! be, iiv port, his own^ Thus he 
will stiirl wtd) n ‘^nirifl conviction that the plan ie a good one. 

(3) An inimedinte lender in whom he has confidence, who will 
infiptro him, help him, and beep him up to dnto In all the relevant 
paralle! work on related prohlems. Tliua ho wilt retain die good 
spirits in which he EtarUL 

(4) SulDicient rosources to enabto his work to progress at what m, 
In 1)15 Jurlgment, a speeil commennurate with the importance of the 
objective. Thus he will feel that Ihe value of his work is recofiniied 
in the only way that meuns wi jtliing to him. 

This formal A can, in my experience, be applied to groups of work* 
ere under a central management or lo separate estabUshments under 
a centnil directtotij And ihe difiicultliis that one meets in applying 
it arise not from its diortconiings h«t from conscious or iinconsciious 
neglect of its essentials. 

f.r«K)ker1 at in tliis way, such t],iirstimis as ihe ideal site of ressardt 
establishments cease to be of any great significance. Jnrt os a team 
must have a leader who knows all about Ih® work being done by its 
memborB, so a group of teams must have a leader who is recognised 
by them to know enough about their work for Mm to bo able to griide 
It to Its common objective. The limit of economical size of a com¬ 
plete unit is set not by aomo ariiitrary fonnuU but by the simple fact 
that no one man con know enough about work in more dion a few 
fields to be able to inspire real confidence in his team leaders or 
their teams. The control of large equipment, iho management of 
numbers of fikijied industriois, and the commoapUre daily problems 
of fociliUes are matters of cciniR'queRce, but they are not the real de¬ 
termining factors. In any event they are well undeirtood and can 
be broken down and shared among a properly balanced staff, 

I wonld Kummarrze my vicivs on this question as foUoWB. Tl»re 
is no single or simple formula by wiiich lo dctcnniriD the best mcthixl 
of handling research. But 1 believe there are a few simple prin* 
cipJea in the tight of which each particular simniion moy be review«( 
and a good ijolution found. 


OONOJlStCiN 

Tou will foe that my experience has led me to the view that the 
record of ecience and engineering in aeroTtanticft is a creditable one. 
It juatiflea ilb in demanding the menus of oxtending our efforts into 
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ihos^ new fielda tlmt wb cnii now clearly aea. The task uf organizing 
and maniging tho workt of dewsJng ami const meting tlic equi pment^ 
and* abova all* of irading those upon ft-liose efforts mocesi will m 
tile end depend ia one of abeorbing iniemt 

Wluit the world will moke of otrr efforta is a matter on which I 
regnnJ it aj improfitnhlo to speenbte^ at my rate here ind at thk 
titne^ I am lUi Oiigineer in a world where gmd pngineeringT akiUfnJly 
nseth oiiicina surriTal and bad engineering ^nenns the end of what I 
believe to be a good way of li^^ing. So I am eontent for the 
being to conOne my efforts to the work m hand and la leate phil¬ 
osophic specnlalJone on Its ?alue, on some iil^olute scale which 1 con- 
fcffi cludu mfi, to tliiM who can Rnd time or inclinotioa for iL For 
this reiison 1 haro ennfineti my attention primarily to research for 
Aoronauticd m in wjir* Tberc is anothar rea&on—I bare spani 
the best pint of my Efe on work with this as its fim a™ in the con- 
TictioD that it had to be done. 

Blit I am in incurable optimisL I believe tlmt we bIiiH suecMci 
in mir present effort—in which the shun- of researdi is to ptwide 
formation hy which aircraft and their equipment can ba steadily 
improved and tused to grcatcfr effect* When we tiive achieved our 
immediate aim| I do not doubt that much of our work will fcm put to 
iiBoa that are more to my taste and to youra* 

In the end, howercr, ft ia with the adentifle and tcchnioil adranceit 
in the means of flight that wo are here ooncerned. So far we have 
had a mere 40 years in which to abnw what we can do. It has been my 
purpose to point, in the light of my eaperionce, to what we must do 
now to discharge the responsibility that i& laid on us so tliat those 
who wUl follow us moy find a fair field in which to i^pture the end*' 
Icsa viato of opportunity which wilt lie before 
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A modviti aircnft Trill clitiib in b f»w minuti^ to tl wliich 

lli« air i$ so tliu) tlutt it ttIU do tatigvr support Ufe. U coa tuni uid 
manouvrj’ ^ fnst that the pilot nui)' easily be rendu rail uncatucious 
from the mediauical forcea irhich it imposes cm his body, and in nm 
aircraft which is moving rapidly in throe planes of apace tiie pilot 
ran b« subjected to stresses h^muL the timite which the human body 
con stand. 

Tlie adaptalion of which tJie human body is capahle to naw aur- 
roimditigH and conditions can piny n considerable part in Bttittg man 
to liiesa new conditiems; for example, airsickne^ which many atiifer 
on tirat Hying in rough air or doing aerobatics, In most people aomi 
passes olT and tliey become adapted to modona which at first perplex 
and incnpociUto thmn, though a few uotot bocomw completely adapted. 
But there are several atrasBes placed ou man hi ahviafl Uiut conuut be 
met by any unconscious adaptation, which require equipment npcdally 
designed to meet them. S<^e of the nocessities are obvious, such as 
windscreens to protect the man from tho great wind pressures at 
high apoed and a lienl supply from the engine or special dothhig to 
keep him worm in the Arctic cold of the sttniosplmre. llis senses must 
be extendcfi by a set of blind-fiying inntruniciits bo lluit he may huow 
ids iltitucla and movement, in space when in cluuds or at night, lie 
>nu5t learn to believe die mstraments agaiuBt bia actucs tor these ore 
no longer a reliable guide when he may be moving at varying speeds 
in any direction, in fact (hey wtU often he wrong. The human limit 
of visual range by day and iMpociafiy by night ia of paramount impor¬ 
tance in flying. 

But beside the stresses from wind pressure, cold, vibration, and 
nobe, die pilot's body must also be protected from oilier lues olivious 
atressea and here I propose to deal particularly with tlie two grcalrat 

bf fvrttiliiila] mw tti4 -nt ibm nt Qrv^t 

Muu, tdL *5, pu 1, IMJ. 
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gtresses which an aimraft puts U[]on tlie pilot—thoso da« to aocdcra- 
tioa or rapid cliaiige of motion and those due to high dying ih the 
rarefiiid air of die upper iUneBpliAni. 

In the last iiundrod years man lioa increased Die speed at which he 
can traVDi more than tenfoLdf but them is no reason to suppose he ts 
approaching any human limit in epced for, pivTided that lio is pro- 
tected from wind prtB^ure by a closed codtpit and that Lfie motion 
does not change rapidly in direction, there ia no tnoru tuedinnicjil siresn 
(in the pilot titan if he were sitting on die grouncL 

If Iha hutiian body is moving uniformly there is no force acting on 
it other than tlmt due to gravity, nKogniacd as weight. 3ut when the 
motion changes in either magnitude or direction. Urge foi'ces come 
into play; for example, while launcliing an alrplatm by vatnpull 
During this linear aecelerathm the pilot Ims tile aensatlun (rf being 
driven ba(Jrward agaiust his seat by forces e<]^iJBliiig several times bia 
own wdght. This ia eceii in the retracting of tlie ^kiii of his fa re 
which hares tlie teeth lihe a sfimrling dog- Xd this case, tlie accslera- 
lion actii transversely on the body ami lasts only a few seconds and in 
this dlnxiUon the pilot con easily withstand many times the acoslera' 
tion (»f gravity provided his head auj ehoulders ate well snpixirtccL 

Whon a fast-moving airplane changes its diiaction and turns, air¬ 
plane and pilot are both subjected t(> very large fortea. I'ht phaiiomt- 
non known as blacking-oul came into prom i nonce in the Schneider 
Trophy races; pilots found that in turning at high speed their viflitHi 
became blurred and [bat for a few seconds in the turn they frequently 
became blind- This is now a conmaon event in aircraft and is wall 
imdeintoiHi by fighter pilots. 

Wlien an airptane travels in a cnrvEKl path hi turning or pulling out 
of a di™ a large centrifugnl force (ends to fon» the airplane and pilot 
away from Uie center of tin: cirde. The tnagnitudo of this force in¬ 
creases with the square of tlie apoed and dorreiiees as the radius 
increases. Subjectively, n pilot experiences a great iiicreaaa in. weight 
of alt parts of hjs b«ly bs the centrifugal forco tries to drive his body 
out through tlic bottom of the airplann. The magntludo of the iux«Ier- 
ation acting on the pilot, is expresacd in terma of the foren due to 
gravity normally acting on the body which caui^ it tv have its noniial 
wei^L Tlias in a turn producing 4^ or four times the force of grav¬ 
id, if the pilot's seat were fiied to a spring balance it would regleter 
four limes his normal weight and the pilot and all parts of his body 
Iwcoine eztremdy heavy- Thk is seen in the (,f tli® soft pari 

of tiiB face which occurs in a right turn (pL 1). A. turn at BOO milen 
per hour and 1,000 feet radius ptoducea Up, and a pitot in effect weighs 
about half a hin and his blood virtually liecomes an heavy as molten 
iron. The blood ia normally l»ing pumped to the pilot^s head by liia 
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Leait but virtuoi weight llie lii^art Iiae difficulty in 

maintaiiimg tile blood supfJj to Lbu TIjo bndn mid ilie can 

only function ftir it few seconds without tlicir nomiml blood nupfily 
and loss of risiun in btnckingHJift is due to failure of iho circttktiort in 
tho retina of the If the sccelention iA Htili grealcr^ ilia wlmlo 
blood vupplj of the brain fails and the pilot bocotnes tmconsciotis. 

Bkeking-out la a waowng that the blood pnssure in the cerebral 
arteries is getting low, Lf tbs control colinnn is ea;sed forward^ the 
airpUno atnijglilans out, ll)o centrifugal force ceases and within a few 



Flouav 1.—AntimXiniQla lalpllonalilti bclwwi aumiien cf tott^ 
lau di>ams ot icctii*riitLcm mul dc?nitmica of loei oC TluJeii 
(IcnrET enrre) Jind luM of conaclouiiiew {uppAT curreil^ 

(Data from TArlout •auroes.) 

seconds tJie drouladon returns to nomiaL While this happens in the 
head the deficit of blood tends to greriule to the legs end the phenom* 
enoo cu) bo regirded as the heed loeieg blood to.the feeu 
Thtfl draining of the Wood from the bend tabes time. The graphs 
in Ggiuv 1 iHustrote the ititdts of tolerance of acceleration'-the greater 
the ■coeloration the leas the time that the pilot can retain hia sighL 
Many measiirca have been taken to reduce the effect of centrifugal 
force on the ptlot; much may be done by postunt and aeatingt 
pilot’is al.titude ia crouched with bla legs raiaed, the distance Ihrough 
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nFliicb the heart has to raise rhf* hlood to hu heed con be nduced anrl 
the of it tr> his feet is again losa if the feet are higli, Anotiier 
tnetliod of lessening the effect of this force which mar ^ mentioned 
is to pld«e the pilot in the prone position. Tho heart and head are 
then nearly at the same height and a man in lliis poaition oon withatuul 
some but this posture U a reiy fatiguing and inconvenient one 
for the control of an aircraft, though it is remhdscenL of the y«tj 
earliest airplanes in which tho pilot frequently lay prone. The effect 
of postura on blocking-ottt is shown diagramniHtically in figure S. 



effect on posture on blacking out 


JTtauax 2. Hffbet cf pwqre on tb* tnlernDn nf ncoolwntloD. {Thita (r«a He*' ) 


The enpneer has produced machtnos that an so strong and 
manoureruble tliat they aui Buh/ect the pilot to forces beyond hia 
toleran^ and the Uflafnl limit in design for maneuverability ar high 
changes from being an engineering limit tn being a bumiin 
httiiL It wonld be useless for the aircraft designer to urwiuco an 
airpl^ ao strong and nmnooverablo that it could turn with a 
cantrifugal aced^tion of % because Uw j^ilot would not be corv- 
scious to control it under these condiUotisi the abiUty to oni-turn the 
en^y hM an important tactical advantage in dog figliting, but to 
achieve this it is now nMessair to look to tho man rather than tlie 
mat'hims. Figure 8 illustrates how the human limit mak w it impoo- 
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RibTe for li fa^ lurplcuie to follow o alow qdb in a ti^t turd; bulJi 
[lilotB uni subfectod^ <o 

*rhe most important >tr«s, however, to which man b subjected in 
aitomft b dtat resuItitL}; from the thinnras of the atr at great alti^ 
tildes. The air pceasare at groimd lervrJ is 14.T lb./s^. in. It has 
follon to one-half at 18,000 foet and to only one-fifth, about 2^ lh./Bq. 
i(L, at 4O.00n feeL The effects of altitude on man are those resulting 
from the lowered Rttnnspberic pressure. 

The dlffiihilitiefl which a mnn sufleis at lowered proMure first come 
into prominence on the surface of the earth as ‘^mouniain udeness.*’ 



rieoia 3.^-atiowtiig bow Imman tolimaice of eociilMatttiii mahiw U laposslble 
hir ■ fast airpUne to foUow e tlinr bcw la a ttclit tuni. 

Ijater the term “balloon sidEntts” wne given to tlw irouhtcs experi¬ 
enced in high balloon ascents at llie beginning of the IokI oenturj; 
long before airplanes had become practical Hying machines, tlie 
prohloms of high altitudes had been encountered because early balloon 
■scents canieit the balloonists to heights at which the air would 
hardly support life and at lliat time llunr knowledge of how to oner* 
come this woe loidung. 

Plate 2, figure 2, shows tjie firel successful fiight when MtajtgolfierV 
balloon ascended from Vemniilea hi 1733 carrying a aluep, a duck, and 
a cedk. After the safe return of thooe anitnala to earth, Montgolfier 
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lii^lf wenl up suuw Itmulreik of fwt. Two yeutu kter tia Ficncfa 
fidentlat Chartw raicheii a hwght of 13,000 feet witli ji liydrtfiou 
baJloosi. 
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maiititatwL In tlie Iktter csae, w'ecks aro iip^t at lfi;OOCNlSjOOO &ei Ui 
become ■eelimatbeil to the tblo atr. Qraat cliutgea occur throughout 
(Jm climberV twdiijr prooeetied wliich midbte him to live at iiltitudee 
which are fatal to a “sea level*' man. Atniimatization to soon tost on 
ictura to ground ie%'et, so it 19 ncTt po^bte to mote much use of this 
in tiding. 

Climbcra have reached 5S.OOO feet on Mciuui Evere^, but in cun- 
tniat to Lhifi tlie Aral seriotta high-altitude accident occurred in 1875 
when Tbaandier with two cumpaniomt went up in the hydrogen ta]- 
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luou Zenith, The bolTuoti asomded to about St^OUU (c«t and tlie 
occupants becu&u' uncuuscious. They liecmitf cotv^ciuua again when 
the iMkllotm descended to 20.000 feet hut then threw mit baUant and 
the balloon rapidly oaoendeil to abtmt ^,000 feet. All become iin- 
conteiouB and when Tissandier regained conBCJoufUieas the balloon was 
at about 10/300 feet, cliewnd irig rapidly, but bis two companiooB were 
dead. This accideiit foctUied a ipeal deal of attention on the 
phyaiolo^cai problems of altitude, and to inn«tigate these Paul Bert 
couQlritctMl a stetd diamber from wlndi tliS air could be remored by 
s pump to simulate altitude conditions at ground levd. Since then 
a great deal of research lias been carried out in sneb dectrnipnssloa 
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cliamtKr&. both ow mountairLE uid ib Mrcfuft-t cii3 tiro imiurc 4 >f aJti^ 

tude sickness anti the wtiyi* &t overeomijig it, 

Plate 3| figure I shows h mt>(|pni deetjniprcAslun clifimber at an 
K, A, F, ACedicul Service research unit. In tlds a tnan ean be tsk^n 
to a |>Twssure equal to tlmt ml SO,WO feet in less Umii a minute, and it 
is cafwible of producing pressure down to a ^mall fraction of a poond 
tu ibe ;^qutLro inch. 

Plate 3^ figure 3 a antall lYjie of decompre^on elift!iiiber of 

idi manv are in sei-vice^ which will uk* nix misn to any altituJt 
lio that th^ can bocomif fatuiltiir with iluur breathing 
ajjparatus anj tlji* ilLnaRteK thut may befall tliom if they dp not ilw 
it corrcctJy, 

hor lift, man needs food, watiir, and air. He can live witlmiit food 
for Weeks, without water for days, but wlthouL air ha con survival 
only a few aiinutes. 

At incasing altitudes, although the proportion of oayji^it in the 
air r^ain$ one-flfiii, tijo dunjity of the tuixture becomca less and a 
cenain prassiire of oxygen is essential for living cells to function 
normally. At on altitude of feet if the lungs are tilWl with air, 
they coniolu 1 ^ Than one-oixth of thu nonnel quaajtttv of oxygen olid 
thh b msufficienl (n support life. Afudi of the HaMle of Britain wua 
carried out jti an ntmoejjhers in which 4 pilot mmsHlstea with hreathing 
apparatus would bo deml jn u few minutes, 1 fowever, Jong befotw thi^ 

■ ^ reflchssj oxygen Jack tiiukij^s jin pniscnoc folt in the imiMiirod 

mtoUigcnoe and mental {lerforniance of the pilot. As oxygon want 
cotufia on, judgniBiit b lost, gross errors are niiuJe, intelli^nco foils, 
muscular control b lost and thb la followed br uti«>mwioufi«i& 
iloreowr, osygun want is vary itiHidioits bwam* h’mi anfferor is often 
a most unaware of it. At 30,000 feet 4 man without iixTgen may do 
irratjonal thm^: oxygon want resemble., drtinbmmee^ tmth in ha 
eymptomfi and in that the siifferer is tonfiilGtit that he is nomud and 
much reseuta tmy suggi^icin to tJte rrtntniir. 

It would iilcuriy Iw dangerous to wnd nn aircjuft up to SSJOOO feel 
tmk*^ n WOB ensured tJmt the crew were proiccted from oxvg,.,i wiinU 
ff - pracUcaJ protection of Hying fjcrsonm:] from tin? 

fr Jf of altitude has ™n carried out by the K. A. F., piirtiruhirlT bv 
the lladi^ Branch wliic 1 directe rese^rdi in ihb very important aide 
of the [utotB welfare. ITie mj[»rtniii;e of tins is omphasizetl bv the 
following Story of a re«nl intddeni which occnrrcd over Ger- 
many A pilot s breathing Biipamtiw b<-Cfliiie diiMiomific-ted and the 

‘j ’>« lund. He put down 

hifl whwk and tried to land on a dondhsiik at olanii lS,f)0(t f«L He 
th^ tol.l the crew over his intercoTjuniiiiicalion svMem that tliey wcjw 
below ground bve] and he was going to gel out, whenmfHm the tiavi- 
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fpitori rpiiliiS^ing vrhun hud tija]>pca6d, in timo to ^op tiim 
dimbing nul of tlio nmclun?^ over Lite cciiEilit^lR wd tlie 

brcftiLlun^ apperalufi. It m avy L<i tiijit> midt hd indrlent 
might not Alwajn hfivie a hnppj' erniitig- ^flie efltect^ of oxygen wjint 
tiHxy often be cxtirtnely Amn^g bttt dRiwty th&tvr b no place for ench 
e-venls tn tlio thingi^roiis mid difKcuEt work of high-^aUitude flying. 

ITiere are iwi§ wavs tn which idtitiidi} can be overcome. Tlie 

fh^t is to mcreaBe Lhe tLinoimi of oxyg-en m the air ivbidi the pilot 
limitlies by nilxuig oxygen from gms uylmdow with tlius giving 
jillm A lidxtore rich in oxygen or vvm por^ oxygen Uj bceAtlii!. In thU 
way when ihc pr^urc is one-qiinHer of an atmosphere at 33]|000 fed 
if his limgs atg fitlin] ^vith pure (oxygen be will not suffer From any 
symptoms of ojj'gon lack. To (hk end die pilot aJw'ays wears m 
oxygen mask whidi alMi earrlea a nucrophoiie tor his cnmHitinic^iun 
w’ilh the crew or groiiml. 

Tliti aeccmil altematire ia to incrense the amimnt of oxygen in the 
pibit^s lungH by eumpre&^ing the ttir in them. In an engine the Insa 
of power from oxygen lade ia ovtrrcome by compi^ssing th^ tinn 
iiir with a siipen'llnrgert but it k not poesihlB to supcrcliArge the lunge 
8 C 1 easily as iJie pros^ires required would burst tbem. The pilot muat 
dimforu ho completely surrotmilcd by Air it increAsed pressure* 
TTiifl can U* done either with a pressure suit ^mething lilcA a diving 
iirv5S or* if ihe t-ahin i» arahHl nnd made alrong enough for it to 
iviih^tand a itiised air pressnrpt prodtJcod by a pnmp Attached to the 
engine. Tlie air around the pilot cna then be kept nt 14 in. 

uml tlio atmosphere liis breaihos can be exactly liko lhal nt pTotmd 
lovoL Ilow-ever^ it la disAt lliat for niiljtAry use such a pressure 
cabin b very vnlnetTilile. llmtigli for civil uao It is the ideal metlioil 
in higli flying liee^iuttc the pAi{sengi!r h not inconwnieiicrd by a mask 
un hb face and nerd not be awarCi by any change in the air pres^ire, 
lhat he has left the grounds Scima pressnrB cAbins art? in use in civil 
airliiiM in America. Tho pressure cabin haj? other adTuitagos over 
the oxygen miutk be^dA^ prm'tintiiig lade *H oxygan^ At heights up 
to flfiJXtO feet a man can avoid oxygrii lark hy bn«Athing pure oxyg)fiin, 
hut nbnve 44,000 feet even breathing pure oxygen ho would become 
unixm^cion^i; .Moreover the vapor prv^imre of blood eqiiAli the at- 
mcH|dienc pressure at 631,000 feet eo if a nian could retch this pressure 
hlic blexx] woe Id bull and hb lungs bo ftllwl with meamp At heigbta 
above 40.<X)0 feet it becomiri new^ry not only to hrealhe pure oxygen 
bnt also to IncreaBe the pronto acting on man. Plato 2, Qgute 1 
allows the machine and prwure in which Flijrfit licutriiAnt 
Aduu broke the worUra altltnde record by rrticbing 54^000 feet in 
1937. Tile fruit waa blown up to some lb./'s^. in. pressure And 
fllled wttJi pure oxygen. In it man could aurvive even in a vecuum. 
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Thus thfi pffof^ts of oiyffon wnac cm bci ccanplot^Iy overcoiTMi up to 
Attitudes of some B mUiafi hy breAUmig |rtJra oxygen firtd this iw done 
in mititxry uii^craft. of aU nAlioas. Above this height firessure tniust 
be AppUi:!^! in Additiotii In tho iltitude-record belloon Adcentx by 
Protessor Picemi And by the DniW Sutes Army, dosed gondoUs 
At mised pre&suro were tiaed* 

Figure fi illustntea the time etApsfng between cuuing olF ih^ ootygen 
’*^PP^y * ruAfi And hts becoming tniconsdotiA At vArinus hei^t& 

From this it will be realised Low quickly a pilot must Ad diotild hk 
oxjgm Btippiy fill at high altitudiA. 



aoooc 

rwtM A-^TIbcw tMFtwn breuibini oxyana 

omAUitnA air uiU the ocett^tmee of uiiiKUudAtiKEKiaA (Aft 

8 AQf) 


p^ologictl •bnormalitiM at aJtitiuJa ai^ nitt entirely »ked 
■ ■" tbera »™ efleetd pn ih* body at W pressuiti 

« additi<^ to pty^n lack- At ground laval tlie air presanre dri™ 
njtro^ into the Wood which dlfitolvta in appreciable quantity. U 

™ i* ^Pid\y reduced before thie nitrogen 

t^pe, it will form bubWns in his blood vresels anti atop the 
circnlation. ^ poaibrUty that something of the sort miglit ocenr 
ptia^rw waa OTvisag^sI by Itobert Boyle in im 
thu nfr * TfipoT Tinder a b«[l>}ar and ptimpcd out the airs whan 
the pteamre was redutjed he saw a bubble within the eye of the riper. 
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Bubbles fonuing in tiie bud; Hunh liave long bcern ii diBictiltj in d^p 
diving whuro miin bi-ve bfvrt ^obji*<Ttj»l to iiiucU presefuitie& of 

tir. The body Hurdii then dis^lve » Iftrgu quantity of nitrogen a^tid 
if ihe diver aymm to the s^urfftco too rapidjy it winot eacapo fruin hb 
T u n gp in lime to prev'ciLi hubbies foiming ojid bo gets decomprossion 
or (caiason tliKeose^ comjjresed-Hir with 

wvere eranip^ <jccaRiunal]y imcofii^fiosne^ and even death. A 
diver ean get tiurere beuds oomijig up from a depUik where the j>re:s^ure 

4 AtuiOBphcrftS to the surface where it b only 1 atnuwqshure, but for- 
tuuHlely ail nlnjiiin does not get into $uch i^rioies difficulties if he 
goes from ground-level lo uno-quarter grotmd-level pressure at ZZfSW 
focL Bendfi as they ueiAir in the air aro rarely ex|ierio[iced at a!ti^ 
tudoa below feet, 'rhey roino on slowly and are rarely of a 

.-^rioiis nature, Unoomsdottsno^ ran resislt If ilw tvaming sytnpunit^ 
of pin in the jointa are neglected. The piuB are cured ahjicst 
infitantaueotisEy if dcscimi m made Ui about 25t0D0 feet W‘her& liie air 
presfq re com presses the nitrogen bubbles srulEcienUy to dri™ tbem back 
into solo bon in the bliK^L 

Alatli reseatdi has been carried out ou men in decompre^iori cLLuin* 
hers to find ways of aUe^datitig btuae effecta. One rncthrid is to breatbo 
pure oxygv^n before aacentf ivO replacing r he nitrogen m the blood with 
mtygen. The oiyg™ is then need up in the U^ncs before \i mn form 
bubbled. l%m method baa long l»en used lo displace nitrogen from 
tbs blocKl in diving. 

There are other disturbances to man with rapid chttJigefl of nltituda 
renting fnan the rhunge in air prepare, Bohind tlw? oar drum h a 
cavity filkd iiritb air which touiniiJiiicatoa tlifougU a smail canid w^ith 
die lliruii Htid ii is necessary for air to leavo and cutor it with asoent 
and descent lt»at tlio ear dnim be collapsoil. The canal ta the ilireat 
will normiLtly ofyeit on swallowing luid in a diva a pilot chtars his care 
a1m<[h£!t; iincotu^ciioufily^ but should lie fail to do so or liave severe catarrlLr 
be oiay ibmiage h ia ear ilrums. Ericloseil inw el^* where in tlie bfhly , as 
in Hill slnu54^ iLurrounding lli^ jimw!, has hi equalise ite |ir<?=™ri; as the 
altitudt? changes or pa in m^y n^lt. Again on Hi^cent thi! gM 

norma!(y present In the Intestinei^ eipanda to a largpr and Larger vol¬ 
ume iL^ i.iie outride pressure falls when climbing but this rarely a 
serious pj^jblon^ 

Thus the liuman fiafnty limit in haiglit is ^tno JfiiOOCt-lfijOOO foot 
air am] 40^MS^ fi»t brwitliing orygmti ; Ijeiglita miidi 
in eioejfii nf the latter are only achiiisved by ench«ug Ihd pilot in an 
art iflchi I a ttneurphe rv. 

But It is clear tliaL sutrtirig with fit pilots cm tJifl ground much muM 
be done to ki*ep them oDicient In the nir and tho eBiciency of the man 
tnay oftei be of riven greattrr Importance than tliai of tlie machine 
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Wfl know tLat in the Bftttle of BritHiu in men nnU nteehint^ 

o¥i!ncune weight of nmnbeni &tid altlmugU alwajn gntaJjj otttnumr 
bored, tlie IL A- IT, by eCBcieiiry and courage were, aide lo rout the 
Luftwaffe, To maintaiii tliat efficiency in the air amt at high aititudts 
is no mean That it in done is the result of evientiffc research 

during the liil TO years into life at great altitude and tlie miccBMfuJ 
appli^tion of what has been discovered to tim panJculnr pmblcins of 
the piJot. lahonld like tiiis loctune to be oousndercd a tribute to all 
tJwee sdentbta from Paul Bert onwartl bu< 1 to many offlccrB of Uu» 
a. A. F. who have ™ntribuu*d flo mucJt to tlie Bolulioo of high-allitude 
flying and in particular to UiMe medical uffteers who have lost their 
lives in this war in flying eoEpcritnenls. 




L rm UMiihm* 


J^LATE I 



Ip Man DLfRIfia SrAAtOMT and l^tL flmjwt. 



? IN A Tuiw P|9CVH#elNe ACCFl-VNATION Of 4\\ig 19 SfBOwCMi LATElfc. 






















PLATE 3 



tv or AFf n. A- r, t»isEj*iwes*ip«CHAMjEB LwMtM »« from One 

' OP THE GLA&S POflfTMOl^ 




i. n fH, r, MOWUC CHAMBER. 

Thh !• ^ih —iiaiMil i*l(h tn (iDWti. «iip>*n fJlilHlR', init •■•I*"’ 

liMfl M». 

















i ^ 








I 

! 




% 



■ 










TEA^ S-ARCTIC AVIATION ^ 


liy KIHEIL LiECITTtTTAST (J. R.)* |3. B- 5- B. 


Fn'fiijptitly it h wbe ni^d pi7»fiiiibTt)< lo ^peiid ^ in 

?pec\ilQtion ou the prftenti&Eitiee of the fntutt*, Mfiiiy impmv^^fnf^nts 
lire bound to be occasioned by the nc-«;.^tii^ of thw wur* iroi the least 
of whicli tJie imi^^resaLve de velopinenc in arietion^ The tectutologii^ 
edvancementa being jwrfeeted for wjlt purposed today doubtJnssi will 
reFoluiifJOiKe commrmml ATmtbn after the termination of htwtiUtiea- 
One of the most logical rtsnlla is the tinting of the <roTiiiiif?nta by a 
iieivrork of nir routes traTor^ing the Artlie Bosbu 

Belief in the physical pnurticitbility and in the eommerciai value nt 
tmiis-Arctic avEstinn Avae first niAnifeetod about the imie of World 
War I. ami in It^TD^ Bruii^ a German, pixiposed the organising of 
regular Highte from the European capitals vift Ardiangnt, the Arrtic 
Baflin^ and Nntrie or Unalaaha, to oithor Yokohama, Vancouter, or 
San Francitsco. A few years kter. in 10413:^ Ifaj, G«l Sir Sefton 
Branrkerf Dinwtor of Civil Aviation for fTreal Britain^ eiithiisiiisti- 
caUy declared in a speech at Sheffield that the eairying of malls fnrim 
thigland to Japan by way of the Arctic was a probahility of tlio mst 
10 years. In counecdon wiili die ]>TGparatipiiB for the (light of the 
dirigible Shjttiandoah lo ejiplorc the polar **wlii|:o spot-’’ belrwtwn 
AJa^a and the North P<dc, Biiar Admit^ Wilhain A. Moffett^ Cliief 
of the Bureau Aeronautics of the United Statcia Kavj^ atated in 
1^4 that polar air mutes cronneciiitg England^ Ja]mn+ Alo^ika, and 
Siberia are jKXsisibililies of the near fdnrre. 

Many writers have sunre expre^ied their belief in the future of 
trans-Arciii! flying- Btit perhaps Iho most, vocal of these expenenta ia 
the polar explorer anil publicist, Vilh|alniur SteJoMswii who has been 
pointing emt Ihe inafltional Lniiioriance of lha Arviir. Badn fur the pa^ 
^ yearn. On a map which boa the North Polo as its iMrEUter^ be r^ptaina^ 
die Arctic conatitutas a small hub from which Lbn land radliile 

like sx>okie5 of a great whfH'h IhuH lying in the central part of a cirtttlar 
region etidos^Hj for the iiioBt pare by northerly extensions of rich and 
densely {Kipulatcd modem counLri^ By the logic of Its poeition^ it 

• a^urtniffll hy pirmUiviuii n^ni OwfTmpfciP. to|. le, Jttlr ^^0. ail 

HMiTtlnn* i^Dil cplutnap mr* IlK^at ^ tO* ■ at bar AlM3: mtt Ui: bO Ttpi to^ fc# 

at evaflcUng tht Timm af th* K*.Tf Dvpuritpatii, 
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therefore ahonld be one of the.groat ti-HneportaiioD croj^oad? of the 
wortd, 

A gladoe at 6ie gtobe ia eulQdent to illuatrite tlic stgnificiiice of 
6ieBe stateiiieot& Gef^aphera also have designed a so-caUsd **]joUt 
proioction,^ prepared by laying a geomet ric piano <m the Pole at right 
angles to the uirth^a aala, and depicting the globe with the North Pole 
as the oetiter and with the South I*ole as the outer circumfercniceL 
Parallels of latitude ara ruled off at equal ititerrala tn oonoontric 
circles and meridians of longitude ore atraight radial lin<«i Aa a 
result, the northern continents sutroiind the central Arctic Basin and 
(Jia An taric6c Con tlnant rep reaen ta an miter 1 acy fringe. This pstijet- 
tion is particularly interesting if iwpulalion density is indicated, for, 
with (he exception of India njid China, the mreas of densest population 
—between which most aerial conununicatioti is likely to develop—He 
immediately around the Arctic, 


Taata t.-^tp^Dantiir# ilii^nnen* 

New York to : 

StMiEuihl|> fiitfl raUroAiS—HAmhurj^ nml Sgrlln _ . ____ 

Atr—tAntlaa mifl ^^rl ln _______ 

ATt!tJ(j“Vla QrofitiifUut juiil Icelantl-_ _ ___ 

?iew to 

Btefuimlrlp mid Bnn FnuwiJTO,..^____ 

rfn PwiAiiia Ckt»iil_ _ _ _ _ 

Air—'Vtii Ban Fniiictsoa HtiimltiT ri _ ___ 

Anftlc-^Tl3 Hud™ Bay, Victoria uud Btnu,.. 

Frsinclilco to T^lcmeawz 

atcamfthip HDd raUtiMd—TU New Yiipl. nmnimfie. mid Berlin_ 

Tatro and TlidlToattifc-^.^__ 

Air—»w Torlc. Lohdmi, and BaHlii_,_ .___ _ 

rf» fionaluln JUid __ 

ArcUe—vlfi nnrtbfFm GretiMafuL and Narth 

Cape f J^orwiiy ) ___ _ _ _ _ 

Sail PrmuHm m i^tidoo: 

Sfeaznoblp and mil rood ^tLa ^i(Sw Turk_ 

Alp—Tin H&m Viir t_ _ ____ 

Hthlson Buy, BaHlii lalaiiid^ Cltt'^^nLaRilL nod IfYland—^ 


mum 

s,m 

5,000 

4,OCO 


0,000 

SiplCO 


IDipHSO 

l.m 

15^000 

0.100 


San TrmncliFco to Bcrirti: 

Steiimidhlp anil mHmad—rb Kmt ToA _ 

Air— tIb New' York and Loiid(icu__._ 

Anetlc^rb BuHta lalnjid mul mitral GfMiiHiiH _ 

London to ToJtyo ; 

Steaorthljj ■ml mUroaU—rla lUmharx. Bfrilii, Momww, 

Vladlroftok . , . _ ____ 


T^ono 

__ C, mi 

4,730 


■nd 

_ 


Tin htfw Toric and San Ftincbea—_11, 2^0 


A1^“t1ii Mimliew^_ _ ___ _ 

Tla ri™ lotk. Ran tTaaclaw, tun) EJha&inln__ 

Arette—Yiq North Cnpe (Nor war I' aiiiJ Norayn ^Smuljn_ 


*dU ClfUDWa (Iw Ih .tflDtc mU«. ttt bM>q 

laniulMWTln ti tnuaia. 


t^zn 
6,ea> 

• pJ tiM |pita«qwuqr anO 
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TRANS AHCTJC FLYlKG DtST^JiCBS 

The duitniices of ntr trarol betw^ji nionv mojor loe&lJoiis 
oiit the worlil, (speciiUj with in th* IforLherr Hi’iuisphsre', ran hv 
mnrkedly reduced if trims-Arctic nir routes are pursued, as illustrated 
by the accompanring tables. 

Tha dietatioe ^twceii New York and Moscow is about 1,(KX> railes 
siiorter ria the Arctic B&siii and its peripherai landed areas. Frotn 
Seattle to Calcutta the didanoe is almost S/KX) miles sliortor, while 
over ftjOOO miles is saved along tJie polar route from London to Tokyo- 
Similarly, the diatanoes between New York and Tokyo and lietweeii 
San Francisco and either Moscow or London is thousands of niilea 
shorter via the Arctic. 

Further implications of polar air geography are of atxikiiig intcresl- 
From North Cape (Norway) it is just as far to W ashingtoa, D, C.. as 
it is to Detroit, Cltirago, Des Moinefi, or Seattle. CWcago is as close 
to e%'erv rapita) of Europe as it Ib lo Duenos Aires, ililwaukee, Dc* 
troit, and other great midwestem war ppodurtbn centeni, are closer 
to ttussia by mr than are any of the great seaports of the Uuitisil States. 


Tiaia IL—TriHif'vlntfo b»n>-4l*i*iief flifing 



Tfl— 

MUct 

TTtHiet 

MLHPiff 

BfrUn 

Tokjo-^_«. .— 

4, eoo ' 

u 

20 

Ch lOBiD 4. ^ ^ ■ 

Mwqw^« ---- -- 

A,1U0 

It 

SO 


MurmluwM, .... 

i. ifio 

lat 

SO 

Ijuuton 4. 

Toliyo_^^_- .. . - 

6,SM 

JS 

20 

A HI H# li ^ A da is f - 1 .j - p-— -?- • » cr 

Lo# Anfelw-_. ^ ^, 

XI J'fi na^TanJ hk 

Mnrfuoiivk^ ^ 4 . ^ 

&,S45 

1 

a® 


s,ooo 

Sfi 


Mantmu . ^ ^ ^ _.. 

- .. 

4,fljSa 

la 


NctW VoifiL ^ ^ 

.. - -. ^ , 1-- - 

. t.cw 

18 

20 


Cbuckf kini^ . .p . -__ . 

7,000 

2$ 1 

W 

X . X ^ __. - I r- 

LqntUMi. ^-.p. . 

a.4?s 

11 

U 

. 4. - 

Do __ ^ _ 

Momow__. . . . ^ 

i. 000 

ia 

30 


- 

4,000 

13 

20 


TokyO- > > *.^ X - . r * 

6,000 


40 

__. TT -- 


4,750 


30 

Do . 

l^ndon. . *-x ^ .- 

6, 150 

17 

ID 

IVt _ 

klCHCO^' 

a.wa 

ES 

50 


Toky 0^ , . _... .. X X. X 

4 , AOO 

13 

. . X . X ^ ' 



7,020 

34 

50 






Tlw raving in rotlcsga and time hy following those Arctic air!ano:ii 
is cotisiderabla. At 800 luilra hour—which is by no means an 

imposBibto rate of speed in tije light of recent iticreai^ in flying 
rates—transports can easily carry thfiir passengera and cargoes be¬ 
tween Bcrttn and Tokyo, Chicago and Moscow, Kfontreal nri<] Igarka, 
New York and Berlin or Aliiscow. and San FraiiciBCO nnd Lfondon or 
Tokyo in Ivsa tlum half Iho tiims it takes a crack train to nmke a 
notutop run from Now York lo Sun Francisco at 90 niiloa an hour. 
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Plane!} also tan bridj^ tbe gaj) bet ween New York and CSiun^king, 
Minneapnlis and l^oDaba^i New York luiii Tokjo in conaiderably 
less time thari i he afveoial express Irain will require let cre^ our conn- 
trj'. FumlJy, at !K)0 miles per hour, wbereTcr one may bapi>eti to be, 
tto spot on the on(» wide globe is farther sway thuu ij flyitig boiirs. 

Unbeknown to most of us, iinidi already has been done to utiliao 
and develop tiles® nortbern routes Returning from hie globe- 
girdling tour HJtne months ago, IVi'jidell Wjllkie (lew from China to 
the United States, not by way of Austritlia and Ilunululu as might 
Tory well be expected, but rather via Xuine (Alaska) and Eilmrintoii 
(Alberta). Strict cHusorBiiip reils the full t^xtent of the action taken 
in promoting polar aviation, liut we are informed that imltiuiiK of 
dollars have been spent, and that Arctic mutes nr« constantly being 
flown, Pruimrations aUw lire being tnatlc by the Government of the 
United States to ajiousor ond protect ^kmerican interests in jxistwar 
BViaUott, 

Aaemo f'LYiva coNi^inoNS 

But it is frequently believed that flying etmditioiia in tlio Arctic will 
prevent the establishment of dependable coninierciaJ troiBc. True, 
flying conditioiM in Uic polar regions are necessarily diflarent in omnj 
respects from what they are in more temiierole climati^s. Noverthe- 
Jcsif, upon closer analyBis it oppeors that most of the diiBeultifti can 
be surmounlcd. 

It IB stated that the mo(:i urdiuit expuiients of iransjiolar aviation 
consider average flying conditions over the Arctic Ihroughmit the 
year to be better than they are over Uie Norlh Atlantic, white the 
nmssl pessimistic wriUira imnaider diem probably won®, but con^ 
qucmble. Sltfaneson, one of tho miwt optimiistic of the publicista, 
notes that sfcientlrts were viTtually imuitimous by 11)30 in ogretiug 
tlittt iVrctic flying in Alosko, to be more specific, is ae safe os it is in 
Michigan. This, he altfigi^. it suggested by Pan American Airwaya 
repoite to tiic effoct that its (lyerB generully are aa well saluified with 
their work in Alaska as in Brazil, ihat over half die pilots on ita 
Alaskan lines prefer .January to July, anit dial, assiiming like equip- 
ineiU and groEind wn-'ice, wdiedidcs can be maintained through ibc 
midwinter period with an average regularity at leaat us good us that in 
llio noithcaatci-n part of the Uniiod Btates. 

Temperatun* seems to Ih no more of a flying pjxjblem in dw 
Art;tic than e|i<ewhore. Tin? for this is that planes now fly in 

tomperntiirea jubL as set-are in Tejiiiwtato and Torrid Zones whib 
they aixi at high aUitud}ra following their eauibliHhed air routee. Aa 
H matter of fact, Uxlay clfiTiive comlint ie waged at much greater 
height than wa» believed jxwsibh a fow yearn ag,i. It is rt'port 4 .?d 
in the pre® that figliter planes now- are regularly flying in Uie low 
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tOTopeminm eiperieneeti at nil i(ud« of 30,00(1 niitl 40,000 feet or 
mnre^ Anil our Urger f>onjl»rs> it pent wily encounter temper atims of 
25* tofiO“ F. below sscro mthout considering it n limiioiion upon their 

^iTn^rlig-Pl^ Pjat 

In the ijolnr re^oris ibe're' h dmmaj diTuifze and 
ture vadatton than elsewhere. i'’iying temperatnro is siid to be 
luiKttrdoi^ neither at catn-jim heat nor at ejttrenje <ul!i, but at an 
intennediftte range in the vicinity of, and eapeeially jiiat ImIdw. tlie 
freeing point of fresh wrUt, for it is at tliis temperature dial iw 
foniie m Uii. aircraft and weiglis it tlowm Sueh freezing ie not tojt 
troubk-soino iu the Tropirs etc*pi at high altitude, and even in the 
IJohir Winona u-jng Lh Iks of a pwiblrm ihim i( h in the jjortJieni half 

uf 1 —Hhimg air funrtioiii regularly acseording 

to leall-integrated sdiedulca. 

V’^arioiL. leduiologicai improTcmeiits were deWswI te prevent or 
St lem siibstanlially reduce, rJie formation of an ice coveping on 
die wuip imd fuselnge of u plane. TJiia tg evidemwt hv the fact 
dial faghter planes are eonatant.ly %uig through the lower aerial 
Konesi s^uroHaJ wiili the mokturo which cau.^ the icing, and perhaps 
pp^ally by ilia fact tJiat efFoctive aerial warfare la being waged 
in thft foggy ntid inoiHl atmoephare eurrounrfing ilie Aleutian Idands 
and tlie dupping lams to JIunminslL Piones also arc tumi for rwm- 
natssaneo purptw** at low alLitiuhjs by the Soviet obng tlie *\orthem 

Sea Route betw-rsn our uoitUweMem coada and tlio Arctic ports of 
tm SoFiete* 

A number of polar explorers, indudiiig Richard E. Bvrd, who 
flown m both polar n^gions, contend that polar flying b practi- 
^ble only at certain times of the year. Tlie spring mmilhN fmrn 
Jtardi to May, are stud to bo best suited for aviation in the Arvtic, 
iwali^ the snow is still hard and smooth and tfiere in less W Than 
tliore IS at other timfts of the year. But this objection seisms to be 
concerned more vviUi landing and taking olF than with flying itself, 
^ 'ppjy to long'raogo nonstop (lying. 

At Iim glance H would seem that a genuine problem of polar avia- 
Mtei IS tJtfc prevention of oil from freezing and the difficulty of start¬ 
ing the tnotore in Ecvere tempereiures. But oil will not frw^ while 
«ie motor i^s operating and can bo preheated l»fore the motor k 
started, "pe firoblam of starting iJie motor in sub-zero temperatures 

“S'** ^ Illumed that fireproof 

f 1(^3 or sprawl coverings can bo used to keep motore warm when 
J is maile, 04 well as for starting w cold engine. A tulie kads 

troUJ this hood do^i to a heater whicli conducts heat up to the motor, 
or powerftil warming iamps may bo fitted to tlm motor. In this man¬ 
ner the motor can h© prehiuited to any temperature, and multi- 
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motorcfl platifis are fitted with 80-cnl1ed '’‘comitumicators,” rrtidcring 
it iHssible to wiirrn oih; niolur bjr the nctirm of iinothej-. 

11ie> greute^ obstacle to Arctk flying is poor visibitity due to low- 
tying cioiidfl and fog, In the 4fi-hotir flight of iho Norge froTn King's 
Baj (HpUabergeii) vie tlic North Pale to the northern coset in AJoska, 
16 hours—or nbuut i)5 percent of the Lime—-were siietit in fog. Such 
fog is a cotiitnon occtirmice in the jralsr regions, csfiecmlly where 
warm air, inflowing from lower jntjt'iidee on*r open water, tncet$ cold 
air over puck ice or gUcier-covered land, sa U Uie case in Arctic areas 
during the summer months. Almost all floating ice is said Co bo ac¬ 
companied by fog, hiiL when the tee is flmily atUched to land, as it 
is in the wintertime, the atmosphere ia relatively free from fog. 
Fog therefore seems to be a seasonal problem, hut it does appear m 
winter in the region of the Bering Sea and the Aleutian Islands, where 
the warm Japan Cttrrviit enters the Arctic, and along the sonthem 
edge of the Arctic pack north of Europe where the warm Gulf Stream 
encounters it. 

But fog in the Arct.tc b less deoBe and lower lying than it is ebe- 
wheie. Since it sGtdem rises to a lieight of over 3,000 feel, planes 
can fly over it with little difficulty. It ts also Thin so that planes 
can oniiie at low altitudes, and because tliere are no ol»laalm like 
tnenuitaiim, except over tarided areas such as Greenland, Spitsbergrm, 
and parts of Alaska and Siberia, the Arctic pilot can sec tlirough tlic 
fog and stilt retain sufficient horbontal vision. When Arctic areas 
are property mapped and a greater number of radio stations are in 
operation to give reliable boiring^ bo Uie polar flyer at aU points 
along his route, it will no longer be neeeaaary to fly by river* and other 
landmarks, as is now the case. 

Opinion seems to be somewhat divided as to whether dependable 
regular and cmcrgimcy landing facilities are available in the ptilar 
regions. On the one hand, it is believed that Arctic waters provide 
dangerous landing fields, for, olthougli the water** surface often 
appears clear from ahovt. it may be filled with small lumps of par¬ 
tially anbmerged ke whldt can easily wreck a plane as it. tries to 
land. Because of the movement of Arctic ice, Tnoreover, openings 
fail to remain op<m, so that a plone, os it alights upon the water, 
may mpidly be hemmed in and cniohed by the ice. In the wtmmer 
months driftwood also endanger* an attempt to land upon the surfsco 
of the water. 

Aj for as landing upon the pack ice 1$ oonocmed, it b estimated 
that perhaps 90 percent of this surface i$ (oo rougli to ho used suc- 
M^iiliy, although there occaainually are some strercbes of level 
ire upon which a plane may safely alight. But even if the landing 
is achieved without mishap, it fteqiientSy is more haiArdous to talfA 
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off fr<JiD such sutliicfls, especially because high apewis iirc oovt n«Kfl- 

Sttry, 

Stj!!.fajts 90 D seems to he somewbmt more optimiatic eoncetiung luiU 
tira] Arctic landiiig lacHitii^ He clttims that the Arctic wi4 the 
tiortliem thinJ of Uio Temperate 2onB eicol ihe rest of ihe vorid in 
number and quality of wnier^icy lantling fields, noting that Utere 
are millions of lakes which provide euitabie bfpota for landing with 
pontoons or skis. These many landing delds, lie wntitmes, Im™ given 
polar Hying n greater safety percentage than exists in otlittr zones, 
even in lIiq Tropics. On the Arctic pack see there are few sectioua 
where good landing fields are more than SO miles apart, tJnin; gener¬ 
ally lieing' aclioice of two or more within the gliding range of a plana 
tf ita inutora atop at an allituUa uf a mile or more. In support of this 
contention, Stefan^son asserts that during a single decade at least 54 
such emeigency desoenta were made in every sort of wealiier, outistanil- 
ing among which was the third descent of CTCorga H, TiVilltins. under¬ 
taken at niglit in a biitc^rd when he alighted upon the ire pack tOO 
mifoa off the northem tip of Alaska, Ko life was lost in any of tluise 
descents, white tlie dtjitanre' covered amounted to over 1)0,000 miles. 
Again, no lives were secrifiuiHl in the search for Ihe Bussian fljei' L«>v- 
BJievdi^ in I OUT, in whicli stmie DOjOOO mUea were l!o wn, 

Contrary points of view arc held concerning tlie suitability of the 
ire cop of firecnlnnd os a polar landing field, One group of writere 
coutends that, despite a prolonged seareh undertaken by the Danish 
Govenmumt. there is no known natural landing field in all Greenland. 
The ice cap is ilescribed as an ujvduUliirg plain, difficult of areaaa be¬ 
cause it b girdled by a ring of mountaltu which must be fluwn over 
and 'which usually constitute one iif ihi! greatest hazurib of aviation 
everywhere. In addition, there are steep, jagged fissures into which 
ice pours Uirough the mountains as glaciers. Unless the plane is espe* 
ciaJly equipped for a i^eritous overland journey, an emergency landing 
is apt to leave the hapless party exposed to the bitter elemonts on tho 
ico cap, Recently two daring aerial rescues of i5 atmndod American 
Army %crs were disclosed in the press, but hotii accounts leave no 
doubt whatever as to the dangers encounteretl. 

’'file opposite ]X)int of view argue?, that Greonland's ice cap is the 
woi'ld''fi iMgest and lincsi natural landing field. It b said Ui form a 
continuous and nearly |wrfcct ctnergeiity airdrome 1,500 mitre long 
and up to 600 niiJre wide. Local gales along its coosla probably can l» 
offset by selecting rionwitidy Hying loiire. The use of the ^uthem 
part of the hdand as a routo by which militaty planes an? ferrietl across 
the Atlantic seems to jttstify this opinion, at least in part. 

The niajorit}* of these hoxards atlonding polar flying may rapidly 
be (dinunated through the perfection of technological and other im- 
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pryviuuFijifi, Sincv jinist. of (,Iir oltstorlcs lire tiitcUirut^al, tliry tipply lo 
flyiog olfiswhm MS Wdt, Once tli^v nro ovorcomeH tl» Aretio will 
pOGBOflH tlw inestiQiaUlo niTtantHgo of shorter disttoo^cs. Even die 
problem of am be at least partially overcome by the dovcltipaieot. 
of suitable radio faclUties, KupplumenteJ with Appropriate polar map- 
ping, wbidh can itself bo done by planes. 

As long-distance Hying increases in both eitent and security, there 
is little to gainsay the future of (ratis-AitHic avlaiiim. Slaiiy aeriil 
feats, Urliicii were beUevotl lo la; mioitary btii h sliort time before the 
onlbreitk of iVorld War II, arc already Lcaiked open us common place. 
Who can pre<iii.‘t wbai will be jiosmble withm the next, decade «r two 
by a (l«ti of auperplanos, such as dm famous bi-ton B-lfl, wiiL a wing- 
#f|)rcnt] greater tlian the height of a iT-atoiy building, with fuel tsnlm 
containing gnlkme of gasoline, and vfitli a range of altiinst 

lp,<XMi miltis—which ran carry U on a iinjistoji flight from San. rraw- 
ciawj rill Now i*ark lo Isimlmi and hack to Jfow York, or fruin Sfinrm* 
apedta to Sfinihay, Oumrit inipmrcini!tit& in lici^ign and con^riiction 
appear to licrahl Hcetaiif niaiTitnotli 100-ton cargo and pasaeiigcr planes 
pQsst^iiig a sitsa iind fli'ing range never dmuned of b few years ago. 

TSRRITOltWli JUaiSDlCriO.V 

It ts stlch aerial potentliilities as these i.hnt impel wriiera and gov- 
emmenta to tnm anxious eves tnward llm appruprtahle lanrh'd areiej 
that reittaiu iu ilia Far Jfortli, Tliu SQCC(Ss»fid estubibrhuieiii of iriLna- 
polar aoriaJ communication will nccessiiato the coititnictioti of flying 
Jaua, landing bases, and radio and nict&trtitogicot atationg; Since the 
ica in die An*d<! la in ronaiant imition and camiot bo relied ujicn for 
theerectiun of jiermatienl facilities, jiolar iiinded territoiy will boemuo 
of supi^me importance, ‘fin* egtablisKmoiit of Hying awxiiiarJea by 
the natioiials of a state iiiujuefitionably will njuBc their gfivernoictit t'n 
uotpiirethfl territorial juri^ictiHjn neca?aary to pnatTve and nminlaiti 
dieso facilitiea property. The race fur polar ttrritm^ T,!u>i‘<ifoni proni- 
iscB to bo wry dtisa at luind. 

Under ifiu m-ognized prim!ipies of internaliotial law, uniiOfiscBsed 
territory (terra iiulliiufl in the Arctic, ta well os elsewhere, can bo 
mcqulrwl iiiridicoUy only by effective occuj:>atioii m by prescription. 
By ocenpation ia imiant ths intontion io ptwisess lius territory in uiics- 
lion and both the udminittration of state acts and til® ciercieo of 
police power in sullicient fltrength to protect life Dtid property and 
render exa^ptitlnal a breach of the law* of (lie octtipying state. Pre- 
Bcription means (lia ixerciso of stuTe authority avt-r ouch a length 
of time M b necft^ry under tile influence of tiistorical developm^l 
to area to the gcnernl ronviction that the present sitimtion is in oon- 
fonnity with the ititomaiicnud order, Caiurury to popular bcliof, 
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dificoveiy dots not amird ■ [wi-fed titlo to new tiemtorj\ niemlj 
affords an iiirhonio title wtich must be SQb^^tantiBttHl by effective oceu- 
pHlioTi within a reasonable Length of time. 

A rwcnt Soviet fichool of tliimght hps propoaed a now theory to 
pEjvem the Bcquisitioti of polai' terrii orj' in the Arctic. It ib known 
NS Ihe sector iirtitciple, according to which n subjacent polar state 
■utoinaticNtly poswascfl all territory, discovered and iindiscovcnKl, 
tying to the north of its muinlanrJ and wiihin the area bounded biy 
an c^ctension of iu tongitiidiniil extremities to llw Pole. Thus, tlia 
Arctic, like a huge pie. is sliced into a small niiint>er of sectors, oitv 
accruing to each of the follnwiag periphorBl states: Norway (Spits- 
borgenlt Finland, tlio Soviet ITnion. tlie United States (Alaska), 
Canada, and Denmark (Cireenluml and I<eland), But thia sector 
principle eiijoja no Ta]Idji.y under intematiqnal law aiul has been 
rrcogni>''Cd only in I he manicliJal law of tlie SoviiH Union, 'rhe ^itliar 
five Arctic: stMtes have eithw refrained from committing thenuieJve* 
upon the principle, denied its validity by iin[dication, or openly ro- 
itx;ted it in their state papers. Even the Soviet Goviemnient has nor 
niAdo any attempt to rely upon polar soctorhun in its internationml 
oilnirs, 

Wlial, then, is the juridical atattw of the territory in the Arctic 
which la so iinpotlHut for fhc dovelopnieni of puetnar atr transport^ 

Lt some tn«tances the reply ia relatively simple: Thus, the entire 
ialantl of Green land belongs to Denmark, as acknowledged in a ^riea 
of ileclaratiunaiiiqde by the United Stales, Grent tlritain, Pmner, and 
Japan, and hy the E&sLem Greenland Arbiiration of 1032) 

bot.n'^eCD Dfiutuark and Norway which recognbuMl the Eirik Baurlea 
Land area as Wlnngtug to I he former. But, according to the recent 
artnouncements by President Franklin Delano Bon&evelt and Secre- 
tnry of State Cordell Hull, tha bslnnd Ilea in tlw Western Heiut- 
aphero and therofbre comes ander tho aegis of the Alonroe D^ictrino, 
which pmhtbits nnn-jVnierican states from acquiring the taland. By 
and largo, tlio same is tine of Iceland, cveept i hat it enjoys an un usual 
autuntituotiB coiifilltutioiml pOBitimi wjtii relation to tho Danish 
Crown. 

Spttahergen, together with Bi»ar Inland, waa mcogniried as Nor¬ 
wegian terriltpry hy liip Spitsbergen Treaty of Fcbmary 9, 1920, 
following at learnt a quaitor century of diapiito involving Oenuany, 
Groat Britain, Norway, Busaia, Sw'eden, and lIib ITriitod Stiiti‘ 9 . Nor¬ 
way also Jan Mayen Miuid, having fomially annotinnal tlw‘ 

extension of Us juriadietJon ot'er tJie telatul nn Alay 9, 1029, 

Since J020 Uu* Soriefs have taken a more aggresaive courso of action 
in t.liv Artrtu' than has any oilier state, Despito the decree of April 
15, 1023, incorporating the sector principlo into its municipal law. 
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die GovemDiunt of tlii' U. S> S. R. tievertLele^ hut udopteil on xtUvp 
poliry of effective ocatitwiion, wtllfmont, dud ddministration for ihe 
IfJaitdti lo tilt north of its mainland. Thus, a number of important 
iHEititiitions ware organized, especially (he Ail-Dnion Arctic Infitituie 
for the scjcntUic study of the Aitrtic, and tiio Central Adminiatration 
of thh Northern Sea Bonte f GlavaerAmorpui) i^hicb essreisea eco¬ 
no loir, admioiiiratire, and jiidiniul superTtaion in the Arctic LsUnds- 
A scientilic. method of exploradoti, anneiation, ami colonization la 
batng pntsncd. In addition, eorn,e 200 Arctic scientific radio and 
mctoorologiral «tationa wero erected, of which about 75 are located 
on the islands. Finally, witli the assistance of an elaborate state- 
owned HjBtem of icebreaker and aerial retionnaiusajure Bcrvice, the 
difficult Northern Sea Routo, which poralluts the northern shore# of 
the SoTtei mainland, i# rttgularly traversed by a fleet of public cat]go 
vessels, the arniial alUpping' amemnting to approximately iSO0,000 tom. 
prior to tlie out break of hostilities between German v and the 
U. S. S. R 

In view of tliis active display of Jurisdictional action on the part, 
of the Sonet Governnient, no preteiisions have lieen raised by other 
state® to territory lying within thn limits of lUo Suvivt sectomrdoerw, 
oioept tlioEc entertained by Cuinda and Norway with respect to 
Wrangel Island and Fmnz dceef Land iwpectivcly. But the 
tJ. S. S. R has in any case eetaliiiBhcd continuous eottlemcnts on 
’W'rimgdl Island since and has been sending annual parties to 
Franz Jo»f Land to eopply and maintain a network of permnnent 
stations cstabliahed there. 

No known territory lies to the north of Alaska, and for iMime years 
the United t»tatcs has raised no Mritnia pretensions to any Arctic 
pofisesaioas. But rcmaidctable interest wait at one time centered in 
Wrangel Island and a number of omallcr islands lying to the north 
of thr. phJ^ern tip of Siberia, including especially Herald. Jeanneite, 
Henrietta, and Bonnett Islands. To the nortJi of Canada, the 
American Govejmment displayed Bomo interest in Ellesnicm Island 
and at leait on one ocenmon tefridned from applying to the Canadian 
Govonimeat for Ikenscs tu fly tmer the Svenlriip LI suds (Axel 
Heiberg, .\mimd RlngnEs. Ellef Ringnea, and a numlier of snrroiiiid- 
ing smaller islands), which is requirtd under Canadian Jbw and 
which would have irktiowJodged our Tecognitlon of Cimadinn juris- 
diction over thmo' islands. As far ns Greenland is concerned, Ibt 
American Governmeni: always has been nctivcly interlined. Upon 
the inristence of Sccretaty of Stute William H.'Seward, a valitilbk 
report was prepared on the ialnnil aa early as the IBflO's will) a Tjew 
to possible amiexattont in l&lO tliere was Motne dimnssion of the cwj- 
Kion of the islBnd by Denmark to the United States in exchange for 
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Phillfv]>inp Isbiicl^irhich in turn iverc Iq !h 3 by rJi^ DAEtiah 

(JoviTikmirnt to (jennany in return for northern Sdiieftwig; ft years 
Inter the Amerlcnn Govemment agreed not to object lo an exten^on 
of Dimisb jurisdiction over tho entire island:; andlf fixMUly^ witlun Lbn 
laet few yours Qmmliuirl was ncknowlcdged to constitute n part of the 
Western Heimspberi!i and is therefore subject to our special intoregts 
tmrler the Monroe Doc^trine. 

The Dgminion of Cimada claims all the known islands lying to 
the north of her mainlatid^ This pretension has not always been 
respeeied, as indicated^ so that for the past 15 years a serious efort 
tias been made to eiibject the eulirs tGlooil empire — as embraced within 
the juri^ction af tlie Northwest Territories ami Ytdeon Branch 
of tlje Canadian DeiMiiinient of Interior^ — to effective state adminU- 
trMtion. This b promote^i particularly by di^ c^ihli^vmvni of Rnyal 
Canodiati Mourn t^il Police jioets on the fringe of tlie t^ands ateai by 
extmisive police patrols centered about these poots, by an earnest 
attempt to enforce ehe Canadian legal in the vast and 

by the exploits of the Annual Arctic Patrols^ which nmn and supply 
the posu. The DoiuLiiiun^ like the Sovjot Uniim^ therefore b seeking 
to aatoblrsh an alisohitf; juridical iilte to the polar territory adjiicent 
to Its mainland. 

In this manner, Denmark^ Norway^ the U. S, S. IL, and the 
Ihiminion of Canada posscffir^ or claim to [ios^ws, alt known territory 
Within the Arctic Basin. Moreover, imder intmmationiil law, ctiitcs 
enjoy all righta of jtirifidietton over the air space aupeijacent to their 
dumainSf and the air routes whidi tmversse the Arctic will cross 
the territory of tlu^e four statea. If their pratensloas to the tcrritoiy 
ara acknuwltdgcii lUi valid under Inw^ they will be iti a poeitiem In 
control the major of the ttan»-Arctic air lanesL On the odier 
handf if their daims arc i^ontrovertcdt serious jurbdictional disputes 
may nrbe, as was the case with Spitabergen. Wrangol lahmd^ and 
eastern Oreenland. 

To aveti such contToveraies, it would adviaable for the po^- 
wnr conference of stales to i^iabliKh a pricticablfl solution for the 
ioteniationa] coni rot of tile matter^ The imAlfro of territorial 
juri^dictlou ahoiild be solved in advance by an internettoiuil under- 
iBtandiug through the estnblbhroent of apecifio principles of law, 
as was effected at the Berliii CtirifnrejM» of l8S4'l86fk when titc 
majority of ttio Powers rvcngnlied tlie priuriple of effective nccirpa- 
tion as essciilml for tlie juridical BCi|iiisition of African coaeial lands. 
This b a nuttier of fir?! niagnitude and should be resolved before a 
lu>Hi of jenlou-fty rtigartled vcoted intert^ts are ctrated. At present, 
potentici) disputed are largely legal in nut lire and therefore are amen- 
able to justiciablfi ^ution. But if proprietary interests witii extau- 

atmo—IS— 
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Mv« BAanciitl bscking ar« {icniiitled ta ilev^pi, tlifi matter <jf desola¬ 
tion will iMt infinttoty mure liifflculL Experience hxfl aliowik beyond 
a shadow of doubt that disptites javalTing important ecunomit^ and 
poUticai interests are far more difficult to solve than are thwe of s 
pnrely joricticol tuitiire« 

A series of miiltilutenil air law agreements also will Eiuve to be 
(iecidml upon, and it might be profitable if an intenuitiomil body 
were ostshlishcd to adim^Ler sudr problems ax foconnaLsancs, the 
atnreying and laying out of tninfi]»rt lanes, the allocntian of fran- 
efaises, the adoption and eniurcrniciit of administrative air regula- 
ttonj^ and the like. But thi» siggestiona can readily be agreed upon 
if the jurisdtctiotiAl issues ore sottLod* 

On a number of occasions it lina been proposed that rtaiftining 
miuccupicd polar territory lx> recognized os belonging to the Society 
of Statrs (ie., os res communis rather than as twritoiy lielk>ngitig to 
no state, res nultiEia), Tiicm no ^flate could legally mipjlre a ralld 
title to the Irrritaiy and no title uf an iudiridual state would bo 
valid oa against the oUiere. Ifaturally this applies only to island 
territory, and dow not include those islands already consigned to 
a particular state by intoniatioiial agTcement—as was the ease with 
Grefinlaiid and Spitsbergen—and tlmse islands which can bo con¬ 
sidered ns appertaining to a state by virtue of prescriptive rights, 
/UI remaining Arctic island territoiy sliuiild bo inleniatidoaliaed, 
to he ndministererl mUier by the Leagtit* nl Nations or its fttture 
eountcipnrt, by some spedal international administrative Hjjeocy, or 
l^ some qualified individual state as a mandate. 




OUR PETBOLEDM RESOURCES 


By WaU^CS £. PSATT 
SiitudoTit D(t t^ompaaff {S‘tv 


As “n natiim on whueb’’ wt fame Intip ugo (o rmik petrol^tti, tlw 
source of Jnbricants and liquid fuoU, do» to U)6 top of onr list of 
ossontim) cotnmodjtios. Recently, ms m Tmtiim nt war* utilising petro* 
leittn as raw ritati<r)sl for indisj^onssblR plsstits aiid syiitheues, Jnclucl- 
ing rubber, itnd even for the TKT of our bombs sod blgb-explonve 
shells^ we have accorded it a still mure imiKirtant plaCw in otir uaitoital 
economy. Boning Use conquest of sonie new, revoluttonaTj form of 
energy, prltolcuni must coniiiiue to be one of Antarica^ paramount 
neceasittes. 

Wiint, tJjttn, of petroleuTTi for tJjc future f W’s all realise that the 
potrolcum resourres of the earth are it waning asset; ao fur as i be neofls 
of mankind are ctmoemod tiieie is no reDewal of supply, Ilow large 
art) the reservra uvtiiiable to us and wliere are they aituatodi 

lire following quotation is typical of recent pre^ comuieiil on Uie 
oubjoct of oiir ptroleum reeerrea in Uie United Stater: *^Thw nation’s 
proved reaervea of ix-ijoleum now bulk some twenty billion bonob, a 
quantity equal to oar present iicnce-titne rvquiremania for a period of 
about lA yeiire. Over tlia lost throe years our diacot'erjea of uew ro* 
serv« hare consisientiy failed to btlatu'o our annual conauirifiiion.” 
Tbesc t)VerHiinplifl»(I figurca, tliougli entirely aeoiiratH, lend thenwelvet 
readily to misintorpneiatlrm. Many pcojik conclmlH from them that 
Ifl yisttfs hence wc niU liave no go-^olino for our aotomobilDa. Tliey 
even fear critical shortages of potrojuQjn products for preewit war 
noetls. The misundoratanditig might in iiotue degree be dispetJtid if 
llte facta weremoi« fully revoaied. 

Tlio statenietit quoted leads to tlie a»tiiiipLton that our SMI billitm 
barrels of proved noervea in tha United Staiea constitute our total 
retimiiiing rtwjiircea in petroleum. Tet in fart our total resources fat 
excceil our proved tesorviw. In tlie (ir^ place much petroleum remains 
to be rlisoovered in the Unittjd Statea. Less liian hall the total area 
promising for iHet roleiim bos been thoroughly esploretL In much of 
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the r^on «lt«aily producing, only th9 upper layers of tlia 
bearing rocks have been tapped by the well* so far dr U tod. U ri tier lying 
the beds from which pelroleiun te now being withdrawn in many of 
our great oil fieJits there rematit thousands of feet of rocks, still un¬ 
touched by the drill, which may very well yield petroleum when they 
ore tested. 

Our total past iliscoreries of petrotoum in the United States amoutit 
to about 48 billion bnrrelsL We have explored grtiai areas which most 
of us have agreed were of little promise. Yet uur post uxperiance hut 
proved that from 1 lo 2 penent of the total area in which we mny 
reasonably hope to find pctrvtoiim Actually produces when thoroughly 
tested. If our avorago eipcrienc*; in tile area already thorouglily 
oxploiril is valid, then tborqugli eiploration of tl^e entire ureo in the 
United States in which it to reosaiiahle to expec^t to find jietroleum 
aliould yield 09 tnudi additioiml petruleunv as w*> have already found. 

Moreover, tlieetatemenL under coiifli derat ion ovarloolci the fact Uiai 
in addition to Ihe SO hilUon Uirrols of lu[nid petroleum, reserves wo 
have also in tlie United States proved restjrvea of natural gus ei|uivu- 
leul In atiofgy'cantont to about 17 billion barrels of peirotount. Ifat- 
urnl gas to really xieiroleum in another form ond with niodern tech- 
niqiio is readily convertible into lifiitid fuels, ultliougli the ooet of 
conversiiHi is still somewlntl higher. Wn ahould not overlook our 
reEorves of petroleum in tlte form of natumi gas. 

Again the statement ignores the fact timt the American petroleum 
industry, oj[]erating abrutid nrer the last iJO years, has dovoloped addi¬ 
tional {nitrolcum resources in otlicr countries. ITio roumtning proved 
reserves in these oil fields easily amount to another 3it> billion barreto 
or more. These reserves in liie liiunhi of American nationals in other 
countries have always been avoilabto to the, American enusuming pub^ 
lie in numml times, and they eonstittite on uniKirtant supplementary 
proved reserve of petrolcuin. 

The current discusEiona of the amount of our pcirolcuin reserws 
Mddom touch on tlie factv that in flic past wo have usuttlly nseovored 
only about 40 percent, or less, of the total volume of pt-troleum origU 
noJIy present in our oil ftolito, and i.haL, on the bools of thi^ i-zjie- 
heuce, piviveil reserves are euxtomarijy wtiiuatwl at about 40 fjereent 
of the total Volume of petroleum in the natural reservoirti in which the 
estimates apply. Our estimate!} of restirves iiicluda only the pet ml cum 
that we know from experience will flow more or less sjnintniieouslv into 
thn Wells that are drilled. The sum of imr estimites of proved reserves 
plus the petrotouin already diacoveicd in this csountty, some 4S billion 
Inrreto, repreaenta, therefore, a total original volume of about 120 
billion barrels. After the estimaled volume of our provcil reterves 
has been completoly noovered there wilt still rtmatji umterground in 
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Of IP df»|Jlet<!d oil firids some TO hiiliou httmob of pctroli^iim- With 
mprovi?d tmUicHb of ^^otidaty recovury mtitcli of thb adOitioml 
fieTVo b Ci3ri4tn ta b« mlucod, to post^^ion aad over iht long 

futorm 

Ln simiiujiryt thjsn^ the total proved rosserv^ of pctmLeum in the oit 
fielfb already discovenK] by Ainericanst fit home and abroad^ are of Ihc 
order of 40 billion harreis. Associated with tliese reserves of liquid 
iwtroleuin there are proved reserves of natural or gfUseofis petn> 
letuQ, cqujv&hinl in available energy to an addlticmal iT idllt on barrebi 
Or mcire, of petroleuuL Thua we have a miitinium pr<im1 reserve of 
5T biUion harrele of pelreltiiLiu in tlie lumds of the American petroleum 
induetryK And after thia entire reserve has been exhausted there will 
remain in the ground in all Ibo oil fields in the United States from 
winch ocirr post supplies have Ite^n withdrawn an aclditional TO biUlon 
harr^s oc m which we may oertainly hope ultimately to rectaim in 
part try ifuprovrd meihods of recovery. 

As to the declino in the rate of discovery of new oil BoIAn in the 
United StatcOi i| ^icuild be reallacd that our normal oil-finding effort 
has been a war casualty. The failure lo discover a larger nundier of 
new Oil fields b largely duo Eo the fact that finding oil has been oacri^ 
fiCfcd to other objectives which we haw felt were mon? important to 
the national welfare in time of war* Crude-oil prices were at low 
levolfi w^ben wo entfUfod tlie war* Proved reserves had been increa^ng^ 
there WI 19 lUtlo ineciitjvit to nslc capital In exploration^ a hazardous 
venture at bCisi. In the midst of tlua doprossod xituaricin wav broke out 
ind denied to the petroleum industry the critical malcrialaf the man- 
power, and the piioa incteiws tliat wore essential tostimutato explora- 
dcrti. Except for these rtetrictions ‘‘wildcatting^ by the thousands of 
small iudepeodont cntcipi Ues that constitute the ntainstay of our oil- 
find ing industry would have been multiplied and our national discov* 
cry rate would cortamty have mamtaiued a higher levcL Oil finding 
is an incrcaaingly difficult undertaknig in this country^ at bcot^ but 
during the recent emergency we liave thnply failed to aus^ain normil 
exploratory aetivitiea 

A aigr^cant fact which may be dodneed from the ^temenl we 
hare quoted is that our ordinary peacetime consnmption of pet roleum 
in the United Statee amounte to 450 galbus per capita umuAllyi. 
Compare this figure with the atmual consumption for tiie average 
dciaena of the rest, of the w'Orld, which ia 15 gmliona; or with 80 
gallons for the average citizen of the United Kingdom^ or 50 gallons 
for the average Hiissiaita We use 80 times aa much pctrolcuni per 
capita OB the rest of the world u^ 1 

Petroleum in the modern world is potential energy. With our 
moehinaa it is converted into maohanical wark. High standards of 
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UTing result from 11 iKrga per i-fl,p)U pr(}ilui:tlun iif The clI- 

ture of liucieut Greece wns founded an ihe Inhor of human sluvaj, 
Oiir high etaDflurds of liriug rest largely upon the ineoiuuitcal work 
done for us by petroleum. The consumpiion of petrokum in ihiB 
country provideo us with the wort equivskut of morn ihiin 4 billimi 
abk-bodied men laboHng 8 hours s ^y, G tlaya a n-eok, year in ami 
year nut! In effect our polrdoutn provides ua with an average of 
30 strong, ahlembodied akves for every riinn, woitum, ami child in the 
Unitnl Slates; fur die average Aiiiciricau family, petrokem discs the 
work of a siaff of 144 Bcmoitsl 

'I’his fortunate conditioii, Amertra’s ahundunt supply of petrolpuio, 
k duo, we ore couunimly asked 10 tiolipve, to the fact that our countxy 
has been blessed wkb unuEunlly rkh iiataral resoutwis of petroleum, 
Hiifi is a tnistskon idea and to acoopt it Is to ignore utt gvott more 
precious heritage with which w a luition wr liave h«n bitessed. 

We have prodticrd more than CO perctnit of the petroleunt the 
world has onnstiined so far. But this does nor meiui Lbat we fxieeeta 
60 per^t of the worhrs pctrokiim. Outaide iJio United SUies cs- 
plonition for petrokum has hardly bcgtin. The fact is that most of 
the really rich petroktmi resources of the oatlii tie outride our na* 
lional boundaries. In comparison with them the cittality of our do¬ 
mestic resources appears rather meager. The areas of first-chiss 
promise for peiroleUM over the eartli’s surface uggrcgnic sonic fi 
million square mike; of ihb totsl, about 16 porceut, or lea* than 1 
millJun square miles, are included within the Limndaries of the Uniteii 
StatCK When the pcirolsiim resourcre of the earth have finully been 
fully developed it will prtibably iiav® l)««n estiblisheil that less than 
la percent of the loiai petrokum in the cartJiV ernst lay bcnottih Uve 
surface of the United Stales, 

in America have been bkssed with is a native genius 
whlch^ in comhination with our political and eoclal oonocpti^, ho* «*n- 
abkfi us to explore for iwtrokum more eff«;tiTidy and to diamver 
the bidden resources in our country more rapidly ihnn any other 
people on eaith- Our abundance of petroleum has come to ua bo- 
rowso we dug down into the tiarth all over the land niltil wa found it, 
'So uLhar nation ho* made any comporahie effort to dcvolo]3e its peiro- 
kniu resotircco. 

To the tnok of oil dtidmg, in addition to the method of applied 
scki^ and a flair for induatrial orgamiation, wo !iave brought tlie 
ppirit of the pioneer To an mgenwity whidi cnablet! tu (o desien 
and operate the ponderous mechanical ifquipment required to drill 
and recover petrekum from wrik of unprecedented depth, we hare 
ndd&d c}w frontiatKaiaxi^& dinrattrriHtfc Tisb^takirijr hii^iinct Drivou 
by Ihia instinct, equipped with this machiHEry, wo have gone about 
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m*er our <iour»ity HmKrhiOg for p^trolounup setting up hundreds of 
mdepcjident wildcutting ejil.arpri&i^ lirilling tbouitJiiiil& of explorA- 
[my weLb every y^^ar for ft genoniiujft. Our fpsogrmpluc fronUeta 
Laving been uiilnined^ we have ^^uroUed ciUL a new frontier in tLe 
verlicai diuityisiou, benefttJt ibe ^iirfnc'e cd the eftriii. Thu eotiquti!8l 
df iLifi ttL^w frontier hao brought us uur iibtindance of pet-rf>luum and 
the high liviikg ^aiidards that it sustiLtna. 

Every niition b&e this sohid verlicftl frontier but no other miLioD hua 
i»:rplaMHl it ha we liave. Over mueb of tlie eurlh^ where the luitiinil 
are no more formkliihte then we Lave amounted, 

pcditicaJ and »ocuil biirrier^s have prevented Ute irffi'ctive daveltipmeiit 
of petrobuin rusourceiL. Wt^ might have faiU'd tinil we not en¬ 
joyed our tmciitiorm] frecdtitn^ Bf^^riricl; hinj^ by the Stain un llie 
right to drill expiomtoTy we!Is, Slate nwneraliip of minerais^ State 
monopoty of rights to ex]iJore—any of tliese rtsiiniintii would have 
gravely liaiidjoappod tlie search for pctrukum we have carried out 
in the United Statefi. EveiL the presence of a huidcd gentiy wiih 
unbroken ow^ierahip over large m cowimst to our widely 

divided ownership in small tracts would have seriniisly reUrdiad 
our effuria. Our nieiltcMits could not have been omployNi successfully 
in any other than an atmodphe^re of democmtic free enterprise. 

If the welk we drill into tlie earth are successful tlwy usually en* 
counter petroleum in the pores and small voiib of murine eedlmentftry 
rcick^. IIlo peti-oleum Is derived^ wa bdieve^ from the orgmik nS' 
mains uf foniicr mariiiu life. Sfldimeniary rocks am tbw mude, sandts 
and oenses that luivu aocutuuluted on the lloofa of seaft in past gcologle 
ages. 'Ihe hardening of tlie^ matvriak into toidt hm^ Ijikon place 
ulowly imdur the pr^iire of the load of taler sediment deposited on 
top of thorn. 

The search for die iwtrukum re^nrees of live earthy taking aocDUiii 
of thk tliwiiy of origin^ idtonld be directed Ui those regioniy where 
in the pn'^t murino sedmientf^ rich in organie matter (lave baeu laid 
down in gr^il depili ami volume. Marine life, the source of organic 
matceTt o^unda m surface waters neiir nhore, and marine gedlmenk 
also am depoeiled in greiitot volume nour shore, whuna thn stresunfi 
frf}iri ths adjacent laud drop Lheir loud of mud and mini. But for 
^editnfUitfi to uixuinulitte lo a grosl depth il Ia imcc^ry for tlie 
floor to aubHidc aa fatt its r.lus losid of ttHliunuita If kid tlowu upon It; 
r>llii'rwiFc tlici areti fills up Btid Iwcomea land, uiid se^limentfttion 
Hetitr the search for petroleum tunui to the unhtubk belt^ of 
the eanh's mist where thean isddiratejprcrtiipi response tontiy change 
in loud. 

Also it b necoseary for tho organic mutter that reaulk from alnm- 
duTit nuLrine lifo Ui be preserved until it rinkw lo the bottom and k 
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actilaJI;]* enUmbed in tb& accumulation of ^imeiiLs. It must not be 
destroyed by oxidation or deToured by the nurine 9i^'VOTiger& that 
numimi ly fe^ upon such matonaJs. 

Thera ore two common eiiriconm^iite frcquendy recurring in earth 
history in which organic matter^ felling to Lhc boUoaa of the sea, is 
effectively preserved for burial in the occuinulaimg sediment; 
into which fine muds pour so rapidly thnl the stagimnt bottom waters 
ore too foul to [wrmit the preiKni.'e either of oxygen or of trutrine 
sraTengers; and '‘^desiccating’' eeos, tbose Ituid-locked bodies of water 
all but cut (iff from the ocean proper, which arc subjected to cun- 
Linuoufi evaparatiun so intense that tliey becomo highly concentratod 
and Urn various sails noimully dissolved in sea water ora precipitated, 
seLtJu out, and accumulate ns “ovaportiea"—limestone, dolomite, salt, 
onhydrtte, etc.—on the sea lloor. 'Die waiera uf such gcoj^ UiConie sio 
ftalty that no life and very little oxygen uro found in them, except 
in the surface layer which is diluted by rainfall and by constant or 
periodic indow of freali sea water from tire adjacent ocean. 

When n'e survey the eortli for evidence of conditiona iti the post 
which would beat fuMll these specificatlous for rich and extensive 
petroleum resources, our attention is soon drawn to the unj<table bells, 
covered much of tile by ahallow atiaa, which liisi, aruund iJte nmr- 
gins of dte main continental platforms, beincen them and the great 
oceanic deep«. We note particularly the aliellow depressions in the 
earthed crust, which ttirougboiit much of the eurih’s lustory have aep- 
ar&ted the sovsrul coniinetita at their points uf closest approocL 

Tbo best known of theae troughs or dopresHed segments between tint 
couiifiontal masaes is the rtsgiun now occupied in part by tlie Persian 
Gulf, the MctlUcrrahrati, Ked, Black, and Caspian Seas, lying lictwccn 
the coiitinunls id A frica, Kurupe, anti Asia j another conspicuous basin 
occupied by lond-lockod seas is tlie ota of Uie Gulf of hlcxico and the 
Caribbean Sea between tlic continents of North and SottLh Amerku 
in the Western Hennsphere; a tltird is the fihallow' island ^studded sea 
lying betwoen the contmeuis of Asia and Ausiralia in the Far East. 

Through one geologic cycle after anotiu-r these intorcoutinetital de* 
praesioni liare been idled with shalhiw, luniMocked seas, tetming with 
marine life, into wbitJi sedioictits t>uuriHl rapidly from tlie land on all 
sides. Frequently, too, tlieae daprassions have been ibc sites of “dea- 
iccating^ aeaa. Hia earth's crust beneath iliem is unstable or umbjle 
and yields readily to slnssseK. Altogrther those deprenod aones 
between Uie comments seem admirsbjy constituted to serve as UHtuial 
reecrroirs for the pctralettiii rewiuww of the earth; and ns noon as we 
look for petroleum in tltose ragious w® find abundant cridenco of its 
presence. 
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The «ar1iii^ Utistoricitl records of tlie KtJir East refer to 
bummg Bprin^ eternal Atid oilia^r phenomena vhkh mimiRtsk- 
ablj LDdloate {14-tTnletnD and natnrBl gaa coping at tho ^irrfncc^ In 
iiinG«: this region hoa developed the out&temding p^trofouin 
reaervi! of the earth, ttnsgia^s greatest oil fields ars sitaated 
are file fariK>us oil fielila of Iran and Iraq> owned largely by the Britisb^ 
Arabia, where e^cpioretlon wm nnflertakon for the fLrat titne by Ameri¬ 
cana only a few years ago^^ liaa alrrady built np very large proved re- 
F^^rvea of jpetmleufii, and nriftonbteilly other important di-^vEnes will 
fallow^ Tlie important oil fields of Egypt said Eumania fall within 
this area. 

Ne:^t to the Near East in nnpori4itice arc» the envimne of the Oidl of 
Mexico and the Caribbenn Sea in the Westcro Heini^spbere. Aronntl 
tho northern ohore of the Gulf of Jfexicfi are aitiiaieil fully ono-lmlf 
of tins local proved res^vea at the tJnitied SUies, Tijo tmnerLilons 
pa^t pnKfuction of l^fexjeor Coiombiai nnd Yeneznela haa coino from 
the land fringe along the we^t otn anti eoutJiam margins of thie region. 
Firrlhcr exploroGon in nil ttwso cmintries is certain to yield many new 
difico\^ries. 

In the shallow depnsssiois between tin? continents of and Aue- 
trnlia in the Far East are ilto great oil flelik, owned largely by the 
British «nd Dutcli, on thu large lalnndB o£ BomeOi dumalnif Java, and 
N^ew Guinea. 

If we itccept the prewar estimates of the Rnssiatis that tbeir proved 
reserves of petrnlefim are of the order of i5 billion harrelst the total 
proved reserves for the Mrth may be safely placefl at somewlmi more 
than lOtl billion barrela Fully tXl percent of these proved reserves 
lie in theei? three inlcrcotitmmtal dapreasionii, and it b generaUy c<^n- 
ceded Chat ihm^ regioua also include the best Cemtory by fir for 
fiirtlier eaplorailnn for potroleum. 

There m a fourth gn?ar depressed M^ginent of the eartli^s rrost \m> 
tween eontinents which,, except lor the forward-1 oofcrng Russians, has 
escaped any real coniij derail on fur by thn wnrld^s |i€:iro1enm indus¬ 
try.. This region lies Lotwoen the ooiitinuntp of ?rorth America^ Eu- 
ro|Hv and A«r&* ll c^irers the Xorth Pole amt ia ocmpleil by the Aret Ic 
Sea, a land-locked b^idj of water into which sedimeuta have IliriTTi 
transported, by thestreamj^ draining three continents thrmighoui mneh 
of geologic Time, Wo are uccLi9toiiu»d to think of the waters coveriiig 
tlie North Foie as Ihe Arctic Ocean and our mapa commonly designate 
them ft£ All oceaiii^bnt ihey oi'e in miility a land-locked seai a fad ti»ng 
recognked by Ihe Eufsia?!^ and other Eumpean pisoplefi, 

Evidimrea of petroleum are coiinpienon^ at many placea along the 
coasts which encircle l}ic Arctic Sea. Near Point Barrow in northern^ 
moat AlmJca there are copious oil @eepag^«- Al Fort Normoni 65^ 
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DoitJi latitude, on tlic low'ur AlocltenxU River, in iiotth'svestem Canada, 
n major oil fieJd bos recently lieeai devdikped. On the 'tfilttiub north of 
the main I and nf Keeiern Canada seepn^ of petroleimi from the rockn 
at the surface Trein noted hy Stefanfsnn dtirin^ hie Arctic ciplontitme. 
Al numerous localities marked by surface escapes of jietroleuni and 
natural gas ulofif' the Arctic coast of Siberia, nrer n distance of 3,000 
miles, UusKian en (Queers hare been enj^ged for years ejtploring for 
and producing pctroteuni. 

The geological character of Uie Arctic region and Uio evidences of 
[wtrolcuni in the noclet that, make up tlu* coasts of Lhi- Arctic Sea botli 
justify tlmliclief that ihte region will enhntiiaUy prom to coulam Bome 
of ilie important {Htroleitm resources of the earth. 

As long ago os It$33 Edward Orton, n distJuguished gcologtbt en¬ 
gaged in ft study of the petroleum rosotircoia of the Statii of Ohio 
tdiserved: **It is obviotpt that the total amount uf [letmleum in the 
rocks undoriyiag the surface * * * is large buyond com pitta- 

tion.’* Since Orton^s time ne hare extended ottr eaploTatiau far pe¬ 
troleum niiidt more widely over the earth and, although we have not 
as yet fiVHU hegiiti to cxlmuat the passibtlitifs, we have nJready teamed 
much to sabstom iato his conviction that the total amotint uf potrok’um 
in the rocks underlying the surface ‘*is largo beyond compulatioiL” 
h'evertheles!; the belief fwrsists that our |>etral«um roHourcca are on 
the verge of exhaustion. Even though we have l»en nhliged repeat¬ 
edly to revise upward out previmts estimates of their prohahle volume, 
we still fear tiumiiient shortages uf petrolRum products. Will nut hitig 
we have learned servo to dispel this I’ltronie pesaimism f 

Fetrolomii and cool, mu: minem! fuels, are fossil Bunlight of 2,00(1 
million years of eatlii Ijistoiy. In nur natural rosourcoa of coal there 
k preserved for us part of tju* energy of the light which boa bath^ 
the land; in petroleum wo recapture eomr of the eiiiirgy of the sunlight 
which fell iiptn the adjacent waters. TJie coal resources of the earth 
we Imvo meiuniml, and w« can calcubtc their volimie with rcasonablo 
accuracy, a minimum ipumtity which nuis into thousands of hitiions 
of tonir-^T^HK) billion tong tons. But the jwLrokuui resoums of ihi' 
earth, which we cannot as yet mraHurc, we refu^ to think of br more 
Uion a few tens of hilliona of less than onc-ihird of 1 pvrnint of 
our proTwl coal rejmurvns. IVhy do we bdinva there is so much lews 
iwt ruhaim than coni in the rortht W»s die life in the old seas so inudi 
IciHo ahmtdam tliaii tliat on the land? 

In rvoeni ycaia Parker Trask nnd others have made extonalve inves- 
tigatioits of the Bodimentary rocks of the eaixh. We know that of the 
preHcm land stirfare.some fit) mihiun square milM, more than otip-thirtl 
la composed of sedimentary rocks; that ia to say, an arfjii of 22 million 
square milesof t}ie present land eurfaev of (he earth litu born coverod 
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by seas at timi^s in tli6 paat. Of this W^l sttfai of fontu-r ftaa tlmtu tlie 
ro^ks roiuprl^iiig mboui G mJilion EfiitaiT lire nf a gt^^tieriti 
tint uludh jjiak^ them (if {Irsi-clusn [immW for [ietrr»|eiim; ilmy suns 
ppi3St!nt in gnail fip|jth and are nilierwi-!^ favoruhle for the occorrenoe 
af potrotcutnii 'Fin* rfSTidinijig arLM itf 16 millEou s[[uui\^ miles may 
oJso contain iHtrole^iim^ but its f^enern! character is pmnjiKiug and 
it is riLtfHl of secondary ini|>Drtaiie 0 . 

Among oilier clioracUiriatics of sedimentary jw3ts Trask songiit to 
diitennine the organic oontnuL In tliiif mteardi In* examined the ruckz^ 
which conBtiUiti? the Jluors of existing ecas5 well liwim of former 
5»ii floors* lilt rocks ftvm the JltKir of the di?cp ocean proveii to coiitaui 
lii 4 t tiiUe organic matter. But rocks formed in skis, near shore^ were 
foimd to be much higher in organic contents Of the rocks now forming 
on tli4j fluor of ihe Dlack Sc-a, for eitunple, organic matter coiistitums 
more tlioji 3^ purest by weipliL In the rocks fit^m the floors of fortuor 
anus Tro^sk loufid ihv organic content in range up to iO percent by 
weight, uvi-ragtng 1*6 fiereenl. Trask estimaU^d the average oiganic 
ecinleni of the rot ka in the floors of all present sea^ at 3A |>erccnt by 
weight* 

l>o these eetiniatirs profiiiie enough organic matter to constitute 
sfjuroe material for petroleum re^ourcea larger ihan we cu^iomanly 
reckon onf I jet ue conOioi^ nttr oLti*niion to tlio area of fledimeiitarv 
rocks of flh^t-diiiis proinL^^ for |aunihLmi, sumo \l million aquaru milfe?, 
axel tiding the rctnaining 16 mi i lion si[UArc iniks entirely* IM tia 
consider only itisL jmrtiui) of the fir5?t-clftsg area which is wiiJtin oaiiy 
reach of the nil muM^s drilh climinatitig all possible rcsnurces mure 
tiiELii, sajp I*fKM) feet boUfitith tlie surface* despita ths fact tliat a large 
proportion of our prosout supply of petroteuiu tomes from greatitf 
depths. Lat m apply to Lhis r^cicted portion of the se^limaiitary 
rocks of first-class prnmi^ic for petrohum ^iiily the average organio 
coriteiit42.‘itlmAti^ fur tlie ihwrs of all axieting seits^ 

Even nn tills ciiitiimum basia wc obtain an estimated quantity of 
organic matter s^> largo oa to baffle r^mprehf'n^inn—a quimtity 
times greater in weight limn the total coal reticiurcvs of the enrth I 
If only une-hiilf of 1 pentui of thiis organic nuittar liAd been con¬ 
verted into petroleum, coneenirated nnd pr^rved for tts ii\ the 
natural reservoirs c»f iitt eanJi'o erttsL uiir lulaL iietruleiini resources 
would e^piul our txuid and resourc*?i. If unly ^me-tentJi of i porceiit 
hail been m* presorted for tis^ our total petroleum reij^ourccii would still 
be W tinier griHiter tlion all the petroleum we have so far di^ovoriHl: 
tliat all OUT poEt coiiauTiiptiou plus all our proved trserva^* 

In view Ilf tlu:^ figutx^ it U nut imieaeomble to suspeet that the 
problem w^e face Is not a ilHiirth of jietroleum in the corth^^ crii^ iio 
tniiclL Ks ciur folluri! to explore adattunlely and develop tha ro^ittcea 
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that are as yet uudiAocFTemd. If ve now M!t oureelves to the 
aU over tho e&nh (i£ efftclivtily ub wo hive already done iii uur coun¬ 
try we should be abh to e^hlleh trempudouis Additional resserrca. At 
any rate, if mir total petruleum resoiittes are m limitod as, we fear Uiey 
nwy be^ Iho uplauation doe^ not lie in any original lack ol organb 
sotutw material in llie sodimonUry wodm of tlie eartti'fl crtiist A very 
small frartloii of Ute organic matter originally pre^euL iti the mu^l 
prombdug roda would have jfufficed us ruw mateditl for a great deal 
more petrolcttm thau wo Imye as yet di^over^cL 
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WOODS A 5 B TKEES^ 

PHUjOSOPUICAIj LUPLlCAiriUN'S OF PACTS OF SCIE^NCE 


By PkiDtatiCE 11. Kxeckdi 
Ohio dnlKTaf/y, AlAru, OAlo 


Somfi of you, I am sure, ar^ 'wondering why a Kwjtfigist aliowld 
presume to dtecusaa subject which apparently lies within tba dotnatn 
of the IxiLatiist. Of course to bo strictly zooIo^Tail I might have 
ushI the words fonnicaries and (uitB, but no one before me has seidr 
^<hie can’t see tho formicary for the ants,** and I do not presume to 
establish ft saying. 

I hare hiid considerable experience instructing til* general arts 
coUijge student, the student who takes zoology ns a college rHjuire- 
mont and without thought of continuing in the field beyond the litnits 
of iha course. Etch year at about this season, after all tho tumult 
and the shouting of instruction have died down^ in the wee small 
hours of the fading ucademic year. I take stock and ask mysfllf in 
troubled ecriousnesa, “What liarB I conveyiod totov diargesP Facta, 
most, certainly j but facts without their significao^ Bre ns food with¬ 
out vitamins. One is filled but does not thrive, Httore, I query, 
have I been content to sliow to my students dictpIt tho tr^ of fact, 
each after each in all their intricacy of detail, or liftve I also taken 
them to ft vantage point and shown them fJie beauty and majesty of 
tho forest! Have 1, in other words, taken full ndvanlage of the 
opfKjrtiinities which President Brown of Denison nl our 1^ meet¬ 
ing 90 eloquently ascribed to the iartntdon of scienct Ton will 
remember that to the course of Itis mnarks hft branoroualy itemized 
tho tongue-twieting terms that methia gaxe as he reviewed I'he requisi¬ 
tions of his scientific staff. President Brown, however, ^w beyond 
tho terms and Uio facta they represent. Ho saw them m a moans, 
not as ends. Unfortunately, some momban of cur ticicntific fra¬ 
ternity, not to mention tlio man in the aircet, see only the terma 
Nothing is so revealing, so pstheiically revoaling, aa the despemte 
efforts tlift casual acquaintance authc.9 to find a common ground of 

*Mdnm #r ihi mtnar tb« Ohio And«iiir Bcieurfl fitJiTmd ml fl» 
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coriTWsation nnco hp diaMivers you am u itwlogisl. All lent ttfipn in? 
amusingly* lilrewiso rragieulfy, attempU lit jwsIJ a iijimew>li. yra, 
hfl eays, .1 atudiw! zoology on«. Li*t nip whai is (ho name for 
OYstorsand claJnsf • * • TJuir man has seen the trees, f won¬ 

der wither h* was ever shown the wootis; whether he wofl irained in 
miything but bnro fat-t?. And I wonder ton whether, perhaps sUll 
mure unfortunately, the signiCennee nf sijUiiGcaniTris was e\*or ADnre* 
datA] by hb instnictora. 

The trees oiid nor the woofb loomed large tn the remarks inatlt! by 
a ooJIeflgiie of mine, n purveyor of the liunmnit iei., oti the ocrasioTi of 
u round-table discuaion boiw«un h fuculty group imd shnlciita on the 
«ver-r«urrmg topti- of 'jcieuce atid teliginn. Tils immodinte ques- 
tion Hi iasiia was the relution oJ eoiciuiric facre to religion. ITv eol- 
league ww of liw opinitm that- tile two eoulcl bo in no wise rdafwl. 
By way of illustration Im pointiMl to the facts of meteorology,- itirtatn 
wnriitjons of tempernture. raomture, atiiiosplierir movement we 
Know result in raui. How ean that knowledge possibly have anv 
^nnerlton ^tJi religion, he querie,l. Tlie inswt^r, as we wett know% 
IB aim pie, TUt? certainty nf results which tho meteoiDlogicaJ facts 
represent talna muih of the tnystcry amt cousequcni iincortaintv out 
of tho romniga and goings of the weather. To just that extent we 
f«l securtf and in hannimy with the powers that ride the aUutn. 

Sly Mlioague's query did double duty. It revealcil tlia bamm trws 
of bcith acieiim ami religion but the woods of nnitJint. The funda¬ 
mental yearning which the appiial lo mligion arrives to fiiHiU is 
lliB ^aniiiig for si'Ctirily, a yearning which gripe all of us. IVa 
tremble Iwfiire the overpowering itnccrtaintiBs of enTelDping fete, 
tht- UMtamwablo. and sfnTe to adiieve ti liarmuniotia reJaUnnahin 
hrough religious eapernmee. Tbc woods. wlUci, apparently n.itber 

reve 1 V «sp<?rienc« of my colleague jiad 

reieaied him. were timt just as the All-eompeiling quest manifested 

throi^h rehgion IS the quest for swurity, so the aJUmbracing fruit 
of aeienre is to aJford sAmrity; the iireurity that frees from the }.mda 
of uftci'rtaiuty and suporetttion and Boothos the iroubled soul wiih 
Ihe peace that paieeth imdarstanding, 

ITiis doctrine of acenrity, the teaching that we live in an environ- 
otdortd by dependable, umicretandabk principles is as old as 
amence itself, the bit motif that has threaded itTgaidCwIv !hrLh 
scientific tJiought throughout tli* agw from the timre of‘uia wHj 
Ionian tAiehcre to the present-, F, H. Pike * remind-s ua in a puli- 
heli^ imto a^iin tlie year, "One great change which nccurrrd JfU 
period froui Thai® to Plato wns the substitution of a world, perbatw 
evonauutre reo, of iaw for the older world of caprice.” Ami with il 
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there trM born n ii«w’ tiling, '^vckac»” whtcJi ns Bnnwt* * »o npLly 
definias iu his sun ev of Greok {jUilosophy is ‘'diinkiiig uIkkiL the 
world ill the Greek vtny*** 

To retuni to my coileugue nnd^ 1 fear, to nmnj others like him, 
whet * woofnl void there must have been iti whnt he reapetl from 
science, pelimps nJso in the giiidance otfeted Idm by lus tncutoxe; 
Une is mo veil to panipiirasa the bihlic&l intorroguGon, whnt doth it 
profit a iniiii to gather the facte of scleiico and lose iuwul f 

One group t>( jscientific facts, its bore, gaunt tre^ etripited of their 
pleibiiiig foUngit, telle ns that evtriy particle of tuutter b attnetud 
by evety other pnrdcie in projiortiun to the product of tlie tunssee nod 
inversely as the $i[iiare of the intervening distanoesb The^ few 
words represent ti vsst iiurubor of aubaidinry facts and a prodigious 
amount of ]>am$mking effort in their formuiaUoii, It b known to all 
who mull them oier UiaL they explain the Itouting of m mote of dust 
to tbc ground and in the same broatJi the gnuid iiiovcaient of tlui 
planets through .spooe. 1 am won during, however, how many of those 
who hflVi! bunit itie midnight oil in mastering these facts, how many 
lif our students, indeed perhaps, how many of their insttuetois and 
liow many of (Mit friends in tile IjimiaiuGiJs like my cdlleague of the 
religious dbenesion Jmva been tnkeu to u mountain top from whudi 
they liave been able to see that Uicac same facts liave served also ua a 
guidepost in our quest of ilte ulUnmte, in uiolding jiiaiiV interjiretHiiu}] 
of his universe, in orienting hiiiiself in time andspneo; that they have 
been one of the things which 1ms helped to satisfy mans wonder, Ilia 
awesottie wonder that conics over une ns ho gazes into t ha deptlis of a 
star-studded wintur sky where wonder leads to wonder ami one is 
moved to bicalbe the liioughi, is man that thou art ituiulful 

gf hiiuf’’ 

As Sir .James detuts ’ points out, ‘‘'live law of gravity was important 
not £o much becauso it told us why an npplg fell the ground or whv 
tlie earth and planets moved mound t he sun os because it suggest^ 
iho whole of Nutura was govometl by hard and fast Jaws—iu the light 
of KewtoU'S work—iliin began to see that Jic was free to work out 
LU own destiny without fear of disturbiianoe from ititerfcriiig gods, 
spirits, or dumona.’’ Or again to partly i»arophnise Dampier,* Kew- 
ton’s jvuiuctifin of llit phunoniunon of gravity to mnilieiuntical terniii, 
coupled with the worJt of Copernicus and Galileo, in one grand swMiap 
validated terrestrial meehanics in coleatiul spacer and aliiiiinatt>d witJi 
finality tho ArisiotcUon and int'iliovul doctrine tliat “ihw heavenly 
bodies arc divine, incocruptiUli! mid dilTcrwit in kiml from our im- 

• 15*rn On«k pliUiMoafaj, 4lh *d , tSBa 

♦ SdrimiUic- prvfTVM 

* fllr WUilMA iJunx^iLpr, A. Liatvl^ IPAL 




310 AjjNVALi bepobt [NsmunoN, 

perfect world," The effect was even deeper end £lnick et the vttj 
roots of rcl4:iDtis beJtef,^ in thit it wiia made *^imposHjblc oily lonn^er 
to gaze into Leuven just above the sky, and to stmdder at the 
rumfaUtigs of hell beneath the ground” CoiLseijueitliy, as Brett * com* 
mout*, “Th*! seat of roligiims lieltef was tl^us moved from Urn heart 
to dte hiiaUf mysticism wbs escomtnBnicoteJ by mntJiemotlcs^ * * * 
the way was fipcned for a iiburuJ Christiuniiy which migtit ultimately 
trnditigizui] beliefs.*^ 

Incidentally a statement likn that is indeed oomforting to a stool- 
ogiKt, It lifts from hia shoulders some of the hurdeii placed iJierti by 
ilie populace for having iinderniinetl Bneeutvai bcliefe, 

Biolog^i s centivJ contribution to human thought Ims been the doc¬ 
trine of orgviic evolution. This doctrine has brought coherence nm1 
order and significance to a inaltitude of otherwise appurentlv diaoon* 
mwted facts and theories witidn the geld of biology itself'and has 
openud up wide vistua of vision in otiier fitdda as well It is undoubt¬ 
edly auperfluouE to mention tJil* a ncieiiLific asemblafiB such os this, 
but ihere are BCteutists, ewm biologists, who tend to belittk the impor¬ 
tance of evolulinn in the sebeme id matriiction. And iicrc again I am 
nuiwl to wonditF whether w? sw tlis woods as we look at the trocej 
whether we coiitiider tlie fact of the evolutionary origin of aiiimala 
and plants os an end in itself niul liie maiiculmis deJaiU of evident 
■s ends in thomeelves or wliellier wc look up<in them os means to a 
broader eud. Aa iuids in tlienisclrcs Uicy art ptohably pleasant bctl- 
lime Rories, Jf you like that kind of st<fry. They are facts and add 
to ono^a stor*- (d ^ch thinga, if your hobby is making a collectbiL If 
that is the ^irit in whidt one presonte t he matter embeQighcd for good 
measure with much preeiae detail, I fear that in the wortls of tlie plii- 
liwiiher, Irwin Edman, once applied to some of the humanities, it 
will be shortly ■*dymg of anemia, of ardieological hanlming of the 
arteries am! will bccojim a orniae hamlliu! consciontioualy hy solemn 

^ uieana to an and die fomiulufinn of the doctrine of orminie ovo* 
Iiition, like tlie formnlatiun of the prindples of gravity, ima fserverl an 
the factual baida fur a rcorienratiun of human cojicepUoiiB. If Newton 
paved Uie way for u liberalized Cliristianily, Darwin has patod the 
wny for a Uboralized fiodopoliticn) outlook. The doclnno of organic 
evoUition has once and for all dtatroyoii the concept of the immiitabtl- 
ity of human insUtutioiw as well as of animal bodies. It !is» tiestrov-ft! 
hnality. If man as an aiiimat is I lie product of elumgti, Ids institution, 
Uw etato, as a soeiopoJilical fiigaiiiaatioii is nut itiunutable. Wlmt 
«r«..d the purposes of our fat hem may not of JUjcofaity serve mirt 
And au olijo liavq wo been conditioned to diacard tJu> concept of alisofu* 
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tiam is Uu) field of ecoittHktJOr Widi cliugicg times emne changing 
economic principles. 

Organic eruiution witii iu Imndsiaiden, nAtura) 9 e!f>ctinnt hos dc- 
sirojrtd tfiit socitilogica! oquatitarianism of the French Kevolution. 
A!l men may be eqnnl before the law; the^' are not etjual before the tuar 
of life. Gone, too, is the categorical dictum ns a bask for morality 
and in iia place haa come racial eiperiaiicu, Ihoao ataudarda which have 
survival value for tlxc race. Morality in this liglit cornea to tueati 
allegiance to tJiut code which wlU enable one’s countrymen to live and 
l« Liive life ttnu'e ahundantly. For those who may mourn tJie paesing 
of the categorical standard, lot me say that racial aurrivat is a far 
more exacting standard than one which, perchance, permita of coni' 
pensation by doing penance. Tlie youthful monkey merrily swinging 
from limb to limb who niisjudges lik mark gets no wcciinl chance and 
leaves no deecendanla. It ia, indjsod, easier for a cunusl to pass tbrnugli 
the n«etjJe*aoyethati to cheat tlie laws of life. 

There is toniglit no lime, eruu if this could be considered on apprO' 
priate place, in wliicb to trace all the ramifications of our racial expo* 
rience as a standard by which wo may order our Lives. Howavor, I 
should like to enlarge' upon one phase of tmr espwriciice which docs 
epiwar to be peculiarly applicable to the present state of world afiaira. 
Julian Huxley,’ in di^useing mon’a achiiivemeiiis iniinta out, as have 
othora, that‘’the next step of grcaler eoutrol must he over man him¬ 
self • • * tbrottgii (atiiong other melhiids) doing away with 
nationalistic drives and suitarimposing an internutional form of gov¬ 
ernment on the world," To a biologist there straightway com«« the 
question, what eridence liave we tliat cooperation is any more success¬ 
ful than iaoliitinn as a bUilogical method C Has not the arch igolat iim- 
iet. Amoeba, survived for miUlunii of yeare and have not, ihousands of 
other rugged individualists been Hucceselul among the animal honlcBt 
Tiiut iiUerrogation tmmudlateJy poses annthci^what is euccese I And 
to answer mie must difTcrentiaU; Irate oen survival and mostor}*. An 
anitnnl, iiH of us, may survive tbttjugh a viiriiuy of deviouseuhterfiigve 
and expedients, tlie i driimun mark of which is that they entail auli'’ 
servienco. However, success in lulleot, measure is mastery uvetcondt* 
(ions. If organic evolution has any significance it b the story of how 
living material has, tlmmgh the cfrap<irative actions <*f its Hubdivided 
units, approached, if it has not yet attained, mastery. 

I am fully aware of the fact that organic evolut.iim docs not of nccts. 
sity procetd along a straight ►line prindplo, llmt lifii Ima followed a 
ihuunanil and one devious jwthways and on oceiwion baa even tvtn>> 
grssaod; hut the fact remains, nevertlivleas, that at each level on which 
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ihlin! bus been «• cidser t4V tiuutery thst •ppronch liw been 

tux:t»npitni(*d b; a diTif.'inn of bbur and k do!i«r ctJ^urdinAiion 

of the congtituimt units imtU in mon, the mesier^ they faeciotue 
wnron into An intricate pattern of eoopontinj; parts. At the opposdie 
extrome lies an ineffoctuAL singie-oeUed droplet of living iiuiteriAl 
exomplilied by Amoeba. Orgmiuc evolution is thus histary, ns ouich « 
part of our liietury os ie the Lbtiory of Lbs written word, and as ituvh, 
in fulfilling one of its funr.tJona h pointy out the roncl ivo have trml 
ami lijdita the way that lies aliesiL 

I ant » xoologi^ Init for a moitienl I slmuJd like to nim hietoHan, 
that man who has been teimed by Srhiegel n pro]>het looking buck- 
ward, and na such a prophet refresh your ntenioriea by briefly tracing 
llie steps of this story us others limvc done before me. 

It can begin with Amoeba, a creature wliioJi opitomisrs individual- 
ism. Not even in ibv tuminorily siiared function of repioduetioii is it 
dHpeiiilcnt upon anmher fur assistnuce; A iluumiid and on« chungea 
havif been ruiigon this ipoIal.ionht-incliTiUitaltst Iheme among its feltovr 
pro4r«t»insi, each diunge having bronghi survival but no shred of 
mastery, 

One of tlie Barly mutations leading out of die pmtuxoan doldruuv^ 
was that vrliich resulted in causing proliferating <ui ][a to remain diw- 
tert4 together, and as such cliifitora loconperaii* in the furm of tubular 
tmits; a eonditinn exemplified iu varying degrees by the Porifera anil 
ihu Coelcnterottt. The rewarde were tliose that como fniin numlwra 
ami clcmenUry divLiicijyi of function. This condition was followed 
by on innot'ation whidi resulted in dense, coinfiact and solid mases 
of colls being able to exist os m mngle unit exempliOMl by our friends 
and tormeiitois. the tlaiworms. This state id jiffnira was accuiupaiiied 
by greater diversifietLliun in the conKtitiienl unite and preomincntly 
bv iTctilJn^ar loccimciiioiL 

Tlttf next Htdpfr—three of dien ^—m this miitiLtin^ serieg wsro piu^- 
ticularly siguificaui f dm devciopment of distance roceptora, tlio device 
which produced essentially compiund aniraals, and the accompanying 
lioli'gation of audiurity to aub^nterfi which thus laaiio pnuthle the 
rapid iiml efficient control ao chariicteristic of the metamerio groitpii. 

x\ff-taraorism is os far aa Ufa has guiio in the way of physically worn' 
pounding units. The c-umpnimaing lias continued but on tho psydio- 
logical level, or ancial level if you wish. If we are to consider 
|«yi!hological reactiuuB as a wiKctatinHl manifestation of phyaiological 
slntea, the continued compounding which wo term our social orgunixa- 
tion ia fully os uuicli a physiologicKl proouas as wero the physical 
umouB just outlined and as such must be coiistdervd a direct con- 
tinuaiiun of I his comimufulmg tumlcncy, tt coutUiimtion mad* pie- 
Eoblo by tho dvvolopment of diatance receptors. 
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It) ^jring thb, I stn mindful at thnsft who mointnin that sodol 
orgHiiiftAUuii is not (.Hmtpantido to corfioruto orgnnijjttion, 1 nm ui- 
cliiiod to think tho dilforcnce is not so much n niattor of priiuiiplo 
«.4 of mesns, In tbs ono osse ibia constiliucnt units bsyo Iteea LeU to- 
go^thor by intnls of pb^'Sical contsdiT Ui Ibn otl»r bare iNten «s 
firmiy liold by th« influunco of distanctt receptors, EnterMtii* the 
ecologist, liiuf recently apiessud tlie Ttew tliat, ‘*Regiurillis5 of itow 
01)0 intorprete tlic unity of the more comploit hiunon iMcietica, the 
bumon family, anti other family systems, are real coopemtiTe, snpre- 
organiamic entitien • • ■ Society is merely a manifcataticKi of 
fumlameiitul Ufa attributes which ora sJiured with other hiologieal 
syetenis (e, g., multicellular orgnithmis) anil the division between tlie 
social and ilie non-social Is not shari).” Jvnnin^* goes further and 
point# out dint iheru is much to be said in favor of Ute conclusion 
that **inankind is a single grmt organurm trmjmmrity divided into 
pieces—the individuals.'" 'through ttiis device the essential hsoellts 
of physical union ar« retained and become enriched t>y the advnntuges 
to be derived fram mobile uni ts- The udy of orgiuiio evolution in, 
indeed, frenn one standpoint essentially a study in populations. 
Alueh csi) lie said in suptKitt of llu: oonrlitaion e me rging from fuel) 
ti study, Umt in its animal phintK at least imitary maesea of proto- 
ptnsm, whetlier tlicse units be ooUs or bodies, under similar condHione 
follow oBEOntialiy similar principles of groii[) organizotion. 

Hie social organization of (he corporate population has, ns you 
know, followed itlong two line?, the one lUiistratcd by certain insects. 
Urn other by man,- Among insects the culmiuAtloii is reachetl by the 
anta iin<l the termites, tliorse individually defenseless ctinatune# and 
loothinnie niorarb for many a foo wliich Imvc tlirough ciM}wration 
livwl from the Tropics to the borders of the Arctic. 

Our own social structure Is an even more intricate an<) widespread 
ciilminatinn of incrcnsingly interdependent couiponeat uni la the 
progreES of which has followed one unswerving patli marked by the 
mllcatonea of free ceila, tisaiiea, organs, organ ^sterna, compound 
organisma, then lomllica, (ribes, kingdoms, empires, major alliances, 
and still it holds its conno into the future. Faintly oiitlmed as yet 
but apparently on our course ties sums type of world union. This 
last prophecy may be brondetl an ultra-utopian fancy, but it niiist 
Dot be thought tJist the pyramiding of unite I haic just iracerl, 
whether in tlie field of pbyrieal union or sociopolitical nssociatloRA, 
came without a at.ii)gglr, w'ithoiU false siarta tliat kd up blind alleys 
or ended in alarh faitnra 
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Pcff those who trwy be faint4ieaTt«dr tlui ftmt to bo kept in minfl is 
[hat with ail difiicultjes that- better the wst, uutun was oventtially 
Accomplished I that with oach uuiati, with each sacrifice of wol f , with 
each rastritri ion of liberty, iliere has been a stride toward gUMter mas¬ 
tery, toward a fiilier, more almitdant life for the wliole, At one ea- 
tmnte te indiTidiialiam, represented by AmoeU, tieholdon by neither 
jot nor UUJe to anyone, grovelitig withal in the alime and swept hither 
atitl yon by ^very whim of nature. At the other extreoM’ are millions 
of interdependent colls united in the form of men who, in turn, through 
thdr combined efforts have irrerooine the soffcrings of famme, the 
scourge of pesdlence, thf- barriers of distance, the mysterifs of the air, 
j-ea, BTun the intricacies of creative aynlhesis. Opttmiinn for the luliffo 
is well expre^ed in the words of the paleontolo^st, Loll,*“ who writes, 
“Till! great heart of nature beate, it* throbbing slitnubtes the pulse of 
life, and not until that licart is stilled forever will the rhythmic tide 
of progress cease to flow.” 

Among the social in.Rccts the price paid to the group for the Ijcneflte 
of cooperative action is that the hnlividmal be betm to a cLiss and have 
stomijed upon him muilterahly the form of bis station in life—worker, 
(soldier, ki^ or queeiwliere to remain toiling dulifnily without will 
or eh nice that the group may survive. That is st^e^^ Jacketed, in- 
UexibJp ^clency, not inviting to those of us outside tlie paJe of Nari 
or Famiist rub. It has, moreover, fallen short of control, probably 
because its morpliologicol iiiflMihility is paralleltd by Lnfleiibility of 
nervciis reaction. 

^Iiere is no gainsaying that one of the most patent of biological prin¬ 
ciples requires that when individuat and species conflict, it is the 
individuii] amt miust way even to the enieme of Ufo itself. For 
^ the dvmenJs of society are indeed becoming more and more exact- 
ingj wo are individually being held to a closer ami closer Jiccomiting. 
There is evordncreasing regimentation. But w-o of die vertebrate line 
arw fortunate in that we belong to a typo of social organuMrion which 
permits its meiiibars the opportunity of rea lifting their responsibility 
to the group and of doing their dut}' voluntarily and without compul* 
sioii,' If we but will, tliereiu lies our avenuo of escape from the fete of 
an enforced regimentation fimilogousto r.liat of the insects, 

Tlie ri*spo(U!ibility which rests upon us individually arises from the 
division of Ubor inherent in society. Each sequenw in the evoluiion- 
afy progress of Jiving material from mierojwpic unit to dominating 
mass involved more and more detailwl division of labor and with each 
advance there came bcreaiimg responsibility. For instance, in an 
unapeeiali«d body like that of a sponge the entire bodv, as you woH 
know, can be laken apart cell by cell and than the whole ma® or any 
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partion af U c^n sgmin take <m the form and fmtctian of n sponge. 
Here, it niaueis llUlb whetiiEir any one or a group of cells fad. At the 
opposite utretne in man, the loss of an islet of cells io tlie pancreas 
tueojns deuth. Clearly apecinliaalion reaponELbility go hsitil in 
hand. 

The iitexorable deniands of Dature that eadi do his duty to hts kind 
need m>l of necessity mean thai before us lies a future in whidi 'we 
shall be staves to the Estate, Kszi-fashion. A slave pcrfomns his duty 
without cltoioe, lias no voice m his fate. Before us lies the opportunity 
to both exercise our choice and discharge our duty. If, however, wa 
do not so choose, we ahnlt have respocsibiliLy and no freedom, no 
tduxu.'o to direct our fate. TheTO are even now tlioee among t» who 
would impoM the prototyjieof io^eot rigidity upon our form of social 
organization. Its moat extreme exi>fincnls are the foUuwerB of Nasi 
philosophy. Bausolming^ reports Hitler as deciarhig, ‘^here will 
bo a master class ■ • • t]^ ^ ^ew middle class • * ■ 

the great moss of the etemaliy disfranchized. Beneutli i iu-nj edU will 
bo • * • the modem elavo class, • * * TJnivoraal edneatiou 

is tlie most corroding ajid diBbitegratmg poison tltai rdteralisni has 
ever inreiUed for its own destruction.” Cairet “ has expressed sume- 
what similar views, an for Inatance, * • * ‘‘The democratic prin- 
cipie has contributed to the ctdlepai of civilijmiion in opposing iJie 
development of on elite. * • • modern civilization is incapable 

of producing people ondowod with iiiiaguiatioiL,irUjellIgenDe and cour¬ 
age. • • • the equality of their (maii’it) righta is nnequaL” 

It is true that there are biological Terences among which cause 
difllculties in a deniocmiic stale, but gens distriliutian 'is ^uch tliat few 
am wholly of inferior quality and few, if any, of wholly supvi ior stuff. 
The meclianism of transmlBsion and inter action of genes further coin- 
plicaies the picture. And whu is to dilTareatiate what is goud or hoa^f 
As Jennings suggests, "*Olu of tlw grealost difTiculties in die way of 
effective human action lira iu Uie lack of agreement as to die end to Iw 
■Ituiiu.'d. * • ■ perhaps die greifleat diHiculty of ml] lies in dm 
lack of agreement as to the individuals or groups that sliould benefit 
by ths action to bo token ” 

Tlie eouree upon which tho phyaictitly undifferentiated and mublle 
fabric of the vertebrate Boebd orgauixatlou ia sei dues not uf nocaaaity 
dunmnil a society stratidacw.] and dondy n'ginicnted in which free¬ 
dom of action Is surrendered, It does demand and will exact the 
KMtTEiider of action for self alone. It tjurts place npon vs unaltirably 
responsibility to our feUow men. The failure on the part of many of 
118; most of us 1 fear, to realize this fact Itss been on imporiant source 
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of our prriieut uiire^cit WitL it srhad of nlir^Janre to tho group in tha 
apirit of that Urger eclf-intf^rirat -whieJi rBuUiM« that the greitteat good 
for tho individual Is inextricably bound up with the good of tha 
group, theto need be no fenr of enforced regimonintion. tTiitiiw the 
stmit-jaekeiiid insrjit civilization, aueh realtxatiun of indiviUtutl ro- 
spousibility pennita us freedom to from slnitiun to atrntniu os 
the cast of the geni^ may decide, and leaves us the stinnihta of in> 
dividud initiative Hie epecialutatiiHis of society without » senso of 
rtiK|)oieiibilttj lead to the litnited privilege of uit unbridled* cancerous 
growlht specialization with a sense of the common good leads to the 
liarmoiiy of a well-ordered body- 

As I come to Uie end of my remarks let me njontion once again 
my tlKiitghte at the close of Iho iicadeiiiiij juar, my interest in the trees 
of fact nnd the woodii of aignificatitw- I have, an jou see, directed 
yottr ntUmtinn to hut a few axsmplcs. First among them was the 
very soul of Jideni-*e, the sense of Eoenrily which ecientilic fuctB eoii- 
vtty. Second wna the infloence of what may appear to be purely phys¬ 
ical principles upon the [ibemtion of (nan from the bonds of rcligimis 
Ignorance; third, tlie BignilicaiiM of the facts of evolution as ii guid¬ 
ing light upon our way and ilnally ihu Bignifiimiiee of tlie thdividu*ra 
obligation to the group, I iiavR discussed tlusm because witJi sJl the 
immedinteiy pmctica] appUcaiiona of fact that can be msdi-, which 
are truly many and important, such applications alone are tioMittf- 
ficient. The Imatractor in sefenre has nut comptetelr fuUllled his re¬ 
sponsibility to tliose who com* to him for guidatHX unlesiB he hsii 
pointed out the wider signilkanceg. Ttiese broader applicnuons 
which carry us into the realm of ideai: are retiuired to eutisfy f ull y 
that age-long guest whirJi Sir Williani Dampier has so richlv dotiwd 
in these wordai 
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My ?ubjMtr tills Hfteniwn is '‘BToUigy nnti Medicine,'’ tint 1 think 
n moi^ 0CC!urwte wording would bw ^Mnlidne and Other Pliflees of 
Bicilogy,’’ for to my mlml niedldno is u hriine!i of hiologj'. Webster’s 
Dictionary ileflne^ tnedrelfio fiM the ancl nrt dealing wiLh tlio 

prevention, ccire, or BlleviatinTTof Biology is the aciimoe of 

life» Disease might well be dcAned tis life out of Imlance, amt Is in a 
strict 5e.ii^ a bioln^csl proceed Wli ether it be un attack by tnici^ 
ntganifimst or improper functioniiig of glancit, or congenital mia- 
formation or malarfjii^merit, or injury by poison or bullets, disease 
processes ate in ilie taaE imalyeis nolhing more thiin coHs, tissue^ 
or orgBiia that Iinve siifiered iii|iiry and so not only faU lo iwrfortti 
their ziomial functions but in nicud ca^ interfere with the normal 
functions of other paxls^ more oi!4:n tJian not of flie tintire body- 
Of thft two great divisinm of mcdittina dealing refpectivdy with 
trealmimt and with preventictn, the former is mudi the older. It is 
far c^Eusier to observe the effect?^ of treatnicnt on m peraori siiffering 
from n malady thiin it is to underatand why someone r!*?e tfscapod 
iL Some knowle<1g^ of curative or alfeviaiiva medkiDe was puss^^sSEHl 
by our cavc-dwelling ancestorsti in fact, it is Ifiatifictive in many 
tower animals, It gradiinlly grew up a sort of folklore fron» ii 
slow prwo!^ of tHol and errori iiddad to Uie inolAnctive kitowlk’dga nc'^ 
qtiirod from prehuman nneestnrs, 

Witii the pro^Yih of belief in the supernaturaU by which man satis- 
Ecd his developing dos^irc to exjilain meiUcine lioatiihe largely 

theological, Priefits and physidaiia were oiul They euuceiv^ dimse 
as the work of devils, godst or spirits which had to be appeased by 
sacnAceSr toiiliised or circumvented by clmrma or incaurations, evicted 
by emetits^ cathartics, or btoodletiitig, or enticed to c^pe by means 
of holes m the skull, nasty inediciup, or other devices* It i^ siiiw the 
day a of our Filgriui Falhers tliat wa have kamed ibiit it ii more effec¬ 
tive to CoOtrol typhoid and ebokrii by boiling water tiuui by bollmg 
witdies. 

Allhough belief In the instrumentnlity of demons and witches iti 
canning di«!iu^ petsistet) fur a long time, since Hip|>ociates more en« 

* rmfe dfiUmifO ar Tljt ltl« ininitiitf In m* Pt^na cf 1043- bj t)«r- 
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tndividtmli^ have recognised nl least same Linds of dlAcese as 
natural proceist^ From that lime to tlie present medicine lias been 
prijnsrily biological instead of Uieologicsl of metaphyBlcal. Some of 
die originnl ideas were, as would be expected, very far aatrayj for 
example, the theory that Hippocrates inaugurated and Qaleii ex¬ 
panded that proper proportions and relotions of four liumoTa of tho 
body wero rrspoumble for heal Lit or diaoase. According to this tlHSory 
people wore sanguine, plileginAt)C,4dioleric, or melancholic in tempera¬ 
nce nt depending u|kiii wliicit of the four htimors predomlnttled. Erro- 
iHHUia Ls it was, this theory was a long atop forward in that it focuaod 
nitfintioii on nnturel instead of supematurtil causes, and on curing for 
tins pationt instead 0 # appeasing dcrils, 

Hipporriites was also an exponent of ihc great biological prineipla 
that nature is ilic greatest. phjBijcum of alL Lioft alone, an organiam 
Httempta to repair damages to its parts, to adjust it*ielf to any ujibal- 
ance in struvttire or function Ihsl has been enUiJod, and to fight off 
attaedm by parasites. Tils role of tlio physician Is to aid the orgaiiism 
ill these idtanipto. In nuiny cases this tnvoivca nothing more tliau 
Biigmentattoti or speeding up of natural biological processes that the 
organigm itself would employ, such os atimuloUon of Immunity, sup¬ 
ply of additional antibodioa, provision of new tissue or fluid in tL 
form of graftii or hhwd traufifusioiis, supply of abundant vitamins, 
regulati™ of hormfiiics, remoTal of unhealthy tissue, and protection 
aguitud invueioti by micro-organisms. In some cattes it involves motli- 
which are eiitirttly foreign to the natural processes of the animal 
body, hut which aid and sbet these proc^Bes, such us the use of stimu¬ 
lants, anesthetics, specific drugs, X-rmya, radium, or IicaU 

natural processes of repair or adaptation is 
applied biology. It inredvea a lliortiugli knowledge of tha normal 
biology of !be hiumm body-ifa aijatcrny and all phases of its phyri- 
ology, SUatigely atimigii, even lolOwl^^dge of tho gross anatomy of 
the buman boily was extremely sketeby ond mostly wtotig up to the 
tnidcile of the 

Galen, of tho second century A. D., waa the fallier of anatomy for 
jeare, but he was a very poor father and bis offspring was a very 
hodgepodge anatomy, arrived ai from obwivTiiioiw on tha inner 
workings of monkeys, pigs, dogs, and cattle. For over u thousand 
yeare man was mppoaed to have a eegmented hrenstbone like a 
monkey, a liver divided into na many lobou na a pig*a, a uterus with 
two horm like a dog's, a liiplione flami like lhai «f an ox, and a lieart 
with ports between the right and left ventricles. If in the meantime 
any errors wem diacovered in Galen's descriptions the fault was al¬ 
ways thought to bo ekhor with the patient or with the later olwerver. 
Wlion Vcaalitta, in the aixtwnth miitiry, showed that man's hipbonw 
certainly were not flared aa Galen deacribod them, it was thought 
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that tiiey hut] imdai^ae n cluuiga ia the iiiterveoiiii; oeuturiea dite 
to the halut of wearing tight tomaent 

The study ijf anatuiny was retfU^ed greatiy tiy religious nnd civic 
taboos on dUsectioii of human bodies, but Vesnlius spiriiod aksletons 
from bcneatli galiowe and was not above occasional eLunlcstino disin* 
termiuits. Ue mode important contribnljons to buimm anatomy, and 
did much to start other phyaieioiui oonsulting nature instond of (Jalen* 
VcBalitis even reached the threshold of the diecuvery of tlje drculation 
of the blood, but this gmst milestone in iLn libtory of medicine was 
planted by Uarvej in Uie aeventeenth century. Prolmbly ito o^ther 
single phyaiolopcai discovery hue Itad such profound eoiewqiiences. 
Wltiit a superlative age that was, to pniduce u Unrvey, a Sltakesiieaic, 
and a Galileo 1 

In the eighteenth centuty advances were mom rapid. It vras in 
that ccntuiy that anotlier gnrat Englishnmm John Hunter, discovered 
tliut if nrteiiessrs tied od tlie blood will find and de'celop new chan¬ 
nels. l^Hor 1(1 that iliscovory iiaetiriantB, which wore distr^aingly 
common, were treated, if at oil, by nmputatjun nf ItniliB. Jnlin Hunter 
also learned some of ilte tricks of grafting skin nnd Imuics. 

In the nest century, Uio ninctcejith, two utJier fundamental bio¬ 
logical principles—the celJulnr stmetum of bodies, and evolution— 
came to light. Bollt of these ideas contribute so much to iinr Imowl- 
edge of the human body and how it works that ft full evaluntiou of 
their signiHoonce in medicine would bo almost itnpooitjbla. 

Even with nil theee advanced in anatomy and physiology, nobodj 
up to Qio middle of the sevcJiteentU century had any gm>t] trim what 
diflCEoae whs or whence it came. An important forward step was miuh) 
in IdST when twn Italian sciwitiata, Bon onto and Cestoni, showed UmL 
scabies wofi a dt^ease enusoc] by tiny mites burrowing nnd reproduciug 
in tlie skin, and woe spread by tronsmisaion of the mites. This was tho 
first dcmoni^tioit of a Bpecifie cause for a disease, and the first oa- 
plana Lion of its spread, and was a clean break frttm tlu> divint% 
humoral, or other ancient Iheorlea of the spent aiteoua origin of disease. 

A few pioneering miniln, a LNUitmy or two ahead of their times^ 
pro)v>uitde<] theorieu nf cOiiLo|nfin, and sprearl of dbntae hy deaa^mtnfl- 
tion of poisonous particles or gooes, or even by inrisiblo living organ¬ 
isms, but there was no experlinentai evidence, and these proi'ocious 
ideas felt on barren ground. A t nia understanding of infL^ctiotis die* 
assohad to wail for the diaeovery of micro-otgunisms and same knowl¬ 
edge of their nattire. 

T^uwenhoek, a Diiidi lena grinder of tlie tie vent emtih i^ntiity, 
who inr'ented a comptmnd microscope capable nl bringing bacteria 
within the range of insibility, is somotimes rati ltd tho father of bac¬ 
teriology, but I think he might mon- properly be cnLUd its niidwtfiL 
He was one of the greatest explorers of oil timn. Magallan and 


320 AXKUAL ILEPOET S&tlTlieUtaAN INfiTITCTION, 11^44 

Co!nmfau8 cr«ditcd with di^vering wijtin«iit!», but Lecawiaihoek 
opened the diMiir to an entire new world. Wlierever he looked—in 
eoU, water, lood^ cieretions, ur diecaving iiiuteri&ls—be diacoverod 
n hoot of mitTO'OrgiiilKnie thsX nobodr had over aeon before or even 
suspected of ezieting. Modem explorers with olectron microsciipes 
are bevpig a great timo too, but tlieir fllecovertoe of tiioleculee and 
viruses and of the minute anatomy of bacteria ia hardly to Iw com- 
pared irith the now world that la>euwenhoek found under hh 
microscope. 

But 1 do not think that knowledge of tile exieience of insects makes 
on entoniiotugist, or knowledge of t)iu oxistenoe of atjus an a»lruuu]ner, 
so I hesitate to consider l^uwonhoek the father of bnvtarlulogy. 
That honor, 1 think, should go to Pasteur who, within the lifeltme 
of my pmwnls, made buctei-iuiugy ji scienCH. Ue did it hy providing 
fmal proof that gerunt, like ail otlior f<jmi& of life, require pnivtits, 
and rnme only from pre-existing germs. As toni; ns it wna thought 
that goruis devidoped spoutanmusly from decompoiijng materiab the 
bacteriologLit was in as boixiless a position aciimtificully as u malhe- 
uijiticlaii n-ould bo if tbo sum of twii and two varied witli the weather. 

From tlie standpoint of the control nnd prevention of diseaaa thia 
was undoubtedly the moot momentous rliscavciy ever itiaih.> by man, 
for it atona provkieij a solid fuutubition for pmetlenity all our public 
bealtJi work. On it rests all our theory nml practiro concerning 
eimtaginn and infection, (tuamntijiH, stnriiirjitiou, autisejisis, uiioptic 
BurgEiy, purifuanuti of water, pnstourizniion of milk, und almost 
erery thing else on which modem pmciicesof public health and hygiene 
are Ijosed, Portour is rightly revered foi‘ hi* great contribution in 
proving tbo gortn theory of disease, but thi* wtnild hare btrun of littbt 
value or aignificaiica without the final abolition of the idea of spon- 
tanwtus generation, which for a hmg time extended even to iiuirirot* 
and mice, 

Pasteur^* fimdamental discovi-ries led olmom at onca to practical 
applications. Lister in London was quick to apply U»cm to •»urgary, 
and by very genarmie application of rarbolic acid to himself, the pa¬ 
tient, tJie tiedclotliaa, iImj air, and even the door, be brought about a 
very conaideniblo rcilurtion in lijn mortality from Uiperaticmei, wbich 
had previously lieen about 43 jicrrent even in hie expert bonds. 

Lturing the eighteenth century Euntpe siifteriHl from great 
deintce of childbetl fever-^ one time jt got so laid that in lAimbardy 
it, was said that for a year md one wnnmn lived after bcttriag a cluld. 
Europe’s lying-in hospitaljj for destituto motliora were hiimane in 
spirit only; in reality tliey werw death (re|)Si, Oliver Wendell MuIniHa^ 
proclaimed childbirth fever an infwlioua dipwuiie, taiTied frnm patient 
to patient by pUymeitn* and midwiveo. Many physiciam? were in- 
^•*n(rt>d at the imptilailori iJiat their iiHUtb were mil dean, anil Holmes’* 
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idenSj didn’t nmlie munh headva)*, It wna $('jnmi>lwi?i8 t>f ViiHitm wUo 
rinally dealt tlie fkalb blow to oliiMbcd fcvor n» an epidrinic cMjcur- 
rencc, snd pForiid ttiat even a» eminent }{nutJemail's hands nrtt not 
(Jwiiys cieuL Tl is wiUtiD Llie memory of many in this ntidionce that 
aseptic nurgety dnally oupplonted Lister's heroic imtkeptic mrasntast 
and that aiirgi'frtis bvgun paying tnnre attentioiL to waobing their Imnds 
bit fore Dll oiicruticin than alter it, 

Sonui ilU yi^ru afler l*iisLeur’» tlernonflLntiniis of the germ caiiHi of 
disease and the final putting to trsgt of tlie tlieory of fljioiiianifotia gen¬ 
eration, Robert Kodt dovelopod technical lucthuds Ihut made pfssilile 
die e&ey iBoUtion and study of particular kinds of gi^rtus, and then 
discovery foLtowcd diacarory iritli nlmust incriHlitile rapidity. In the 
idiorL sjiace of !o or SO year* tlie cai»M of the majority of infectioua 
dioeasea of mill and an muds were isolated and studied. The elttidre 
and rather mysterious ajfpmtH of duicasD that we call rmisee, howevcri 
had to trait niuch longer for biologists and chermiuts to pry uiIjo Umir 
prirats affuirs, and it is only now that rery much pnigrcsH is being 
niada. 

An. infectious dtseose is, ImweeGr, an cLjitrenioly coinplicatoil plie- 
nomenon. The iuteractioii of a parasite and its host in not a stalic 
thiiig like die interaction of oiie diemkal with another, capable of 
tuiiiple description^ and following a wellnlefineii counse. Wc may Vw 
too prone to tiunk, beoaoiic ne know wfaut orgnnisiu *uniscs a disease 
and sotaething about iO biology, that vre understand the disease it 
causes. .Nothing could Iki fui'tlier fnmi ihe truth. We are dGallng 
with tlie iiiteraclion of two oigonisuts both of which are capable of 
an amaxing degree of adapUtiun to cliangiug condilious. Lvi-ry 
clmngi^ or adaptatirm in one entails furt.her adaptaiiona iu the other. 
A disease tnay be compared with an organism—it is bom, it grow*, it 
adni>ta itself to environment, and it linally dies. During its life It is 
itiiluonceil by u host of environmental factors which may profoundly 
altar it« course. 

An iTifflctioua disease ikijends cm the praacnce of a specific invading 
organisnit but titls may he only one nf the m-cessary requiaitas. In 
almost every epidemic tlte number of hoalthy carriers^people who 
temporarily arqiiirs a colony of tile gemis but diinr no evidence of 
diseosa—far exceeds the numlier of co-set. In an epidemic of cerebm- 
spinal meningilJa healthy carriiirs of Qw organitiu that we say cauBCt 
it. may outmmibei the cliniea) id) to 1. In most epidamica of 
such dbaaaiia la diphtheria^ whooping OOugh^ dywmtoiy, and uvgai 
cholera, the rarJo is from $ or in to 1. 

If disease develops in only one-fifth to nne-twmtieth of the people 
reached by a jiarwcuTac puihogcnic ffcmi, it is enident that there are 
other factors playing veiy important roles in its production. Among 
theae are a proper balantv of the glands of iutcnml secredon, good 
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nutrition, i^gpecially with resjxict to TitAmiTis, sod the de'felbpmnQt 
of specific immunity or resistance. There cnn bo no doubt that Uiese 
same factors play a large part in determining tlio course and outcome 
of u dinae oe after it boa gotten a start. A physician^ theiif if Ue is to 
uuiba the most of his ofTort to help in suppresaing disease, must be far 
more than a dispenser of msdkdne. Hu must, Indeed, be f amiliar with 
mors pluses of biology than are most btologika He must underutand 
anatmnj, histology, general physiology, endocrinology, embryology, 
psycltolog}', nutrition, inuniinology, and even genotlcs in order to have 
ft proper undetsi nndi&g of Ills patient, and lie must be a bacteriologist 
or parasitolegist to understand die capabilities and nilnerabiliUes of 
the mvadifig organbun. 

Some relations of heredity and gerctics to disease have been known 
for a long lime, but more progress hu^ been made in genetic control of 
iliseasa in plants and even ifi domestic animaJs than lu miui. Edocto 
of genetic constitution of human beings on the couTfie of disease and 
doTelopnifint of resisUmoD are still very litLle understood, mill a t ill li>g8 
is known about edbets of geimtic omistltutjon of paUiogctiic oiganlsms 
and meom of altering iL Herein lies an almost untouubcd field with 
vast pnsuibiiitiea for the futm*. 

Exjienmenl al broeding of mice has resulted in decreasing mortality 
from a particular disease from SS to £4 percent in sir generations^ and 
to 8 percent over a period of years. In sia gcnuraLlons of cbicknns 
mortality from fowl t 3 'phoid decreased from fiS to 18 percenL Recent 
studies indicate that alterations in gonotic constitution eomparahlc to 
mutations in insects and plants occur oliMi in bacteria and even in 
viruses. In a period of a few Lours many kindi^ of bacteria and titusbb 
may tepmiuce in midi numbers tlut if their rate of mutation is com- 
parublH with that tlioiight true for fruitfliefi. each gene iho bacteria 
poeaew should mutate at least once. With even slightly favorabbs 
flection, teplaccmont of th© parent population by mutants is poeible 
in short periods of tuna. 

Viruses have many cliancteristlcB of gens, diffantig principal Iv in 
their ability to ibotb from cell to cell. There is evidence, that the 
mutation of viruses is cmuiiarabla with muUtion of genes. The do- 
vclopmenl of relativnly nonpatliogenie varietin of viniBes or bacteria 
is the real basis for the production of effective vaccines ogainat such 
diseases as smallpos and jnJIow fever, and prohably for the rise and 
fdl of epidemice of cholera and diphtlusria. It lias recently been 
diseoverwi that the vitus of infantib psralyaia genetically altorwi by 
mouse adaptation, whoa miacd wiUi the parent vinui. las gvent power 
to protect motifceys from paralysU, What causes thv protection b not 
yet known, but the result oi this basic diacovery may be very far 
reaebing. 
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Co&comitanl with devclopineJit of kuowIcdgD of eauees of infoctioiis 
<ll«wi!iAR^ imtn iinolog.* was Ui^intxing to make its cnntnhutioiia to Tim 
cure auti prOYOUtkiu of iliHwuaL You are all familiar with Jeniu'r'a 
diacoveiy in 170S of'tlm protoctivo valuo of oowpox moculalion against 
yuialipox. As iho result of Uut thare la prehablj no ooo m this 
anoo with a pcxkianrked facs« witiTeas in Jemusr^s iLijr cartainlj one in 
four of you would havo been so marked If indeed you wars nJ.it'e at alh 
Jeuner^ boweverf had no notion of how bk luethod worked; lie merely 
obsorred that it did, mid risked the ridicule of the medical world by 
aaying so, aJid the life of Ids own son by testing it. 

Many dV-adwi later Pasteur, Toalring the uuist of an aocidemat ubser' 
vaiioit, laid a foundation for modern immunology by allowing that 
ugnnta of disease can he attenuated by rarious miuiiis to a iM>iiU where 
they arc no Intiger oapabk of producing serioua diseaae, but ^till posseas 
tlitt power of stimuloLing immunity comparable with tjuit produced by 
recovery from a real altacb. J ust as hacterioiogy opened the gates to 
Imowledge of the causes imd means of transmission of infectious dis¬ 
eases, so the birth of jmmti rm lngy opened the way to knowledgo of 
nalure*& principal means of cumhidtiiig them. 

Tlic ixiutributions of immuiiulogy to tlie cure and previontion of dis¬ 
ease are tso numerous tlint 1 can mention but a few. Aa aids In diagnosis 
1 may mention tlie tubenculm te£i for tuberetiiosis in cattle vid man; 
the Stuck test, for susceptibility to diphtiicria; tile Dick test fur sos- 
reptibility to scarlet fever; tho scnitdi test for allergies to pollens, 
foods, or other auhslaiices: iho agglutiiialioii tests for typhoid, dyaen’ 
tery, chulera, typhus, and mnny other iliseeses; the Washerman, Kahn , 
and otiier tesis for sjpIdUa; the typing tests for tlie pneumocooci of 
bibar pniMiitionja; and many ottiers tliat are less well known but no 
les useful when needed. 

As tlieraiieutic aids I may nienT ion antitoliiis lor diphtheria, tetanus, 
ecarlet fever, and a number of otlier difleasee, whiclt liave made deathii 
from some of thirijc dis a owa under onUmiry conditions nothing abort 
of ertminaJ negligence; the helpful injectioiu of ^ped pui-tinUKOOCiui 
scrum in pneumoniu; liit^ use of immune or convalescent serum in 
cerehrospinni meningitis, anUintx, measles, and most teccmtly influ- 
enrjt; and the life-saving pro^nirrics of antirenin for snake bites, 

As preventtvo aids 1 need only call your attention to the womicrful 
records adweved by the use of vaccines agninot typhoid, parutyphoid, 
diphtheria, and more recently yellow fever. This once dreaded dis¬ 
ease is now looked upon by tiic tFniled Slatce Public Health Service 
as of iesB consequence than the relatively mild and tolerated dengue 
fever, merely because our GoremniGOt lias n bank of a raillJon protec¬ 
tive tinses of vaccine wiiich it con release if over a case uonire within 
oui' bordere, In recent years sttccess has also been attained in produo 
tion of vaccines agaitisi typhus fever and spotted farer, tlie former of 
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whJtfL. Ims 1iitbctrto liwii t ! ie Esfiotirgc d f evciy greu i w*r. In the present 
wur uinri'miide impkimente uf destruciicin are more Jeadlj than e\‘er 
before, hut there b nu ((ttMitiDTi hut thut ihis ndilrjl tiendlinese is mote 
(hart ctuniHJiisatfrf for hv protnectiori from (UseiOTefi. which, up to the tiir» 
of the Spun isIi-Amei icjin wpr. ulwaye wrought more liuTtK tiiuii the 
enemy. Such diseases as typhoid, dysentery, typhus, tetanus, mid yeU 
low fever have been shorn of thoir power by prot-t^etive vnocinations. 

Closely related to the field of immunology b bluud typing, which 
Ilus placed blood transfusion tni a safe and soiitiii footing, uiid made 
it ss routino u procedure ut aiieathciiiu or surgical asepsis. In spite 
of the necompliivliiiti'nls in the fiehl of immunulogy in recent years, I 
think wo may coiiltdently look forwuitl to ever greater things in the 
years to enme. Within the j'oat i’Z montlia success ha? hwn mtoined 
for the first time in the artificial producUoii of antilxidieif in Inboratory 
Husks. This may open the door to future development which may 
surpass uuytliing we have yet been able to ho^ie for. 

r wish now to turn your ulUmtion to uncither field of bioJtjgy Ihat 
lias otjhtrihiutd enormously to tncdlcitu? — the science of endocrinology. 
Xu sorceror ur tnagician of <ild ever dreumiHl of accumidisbing the 
mimtli's that ran be perfoniitHl HKiny hy the spplicatiun of kiiowh-dip) 
ill tills Geld. Osier, speaking of the effect, of thyroid extriicts tin those 
horribly miashnjHjji, doltish creiitunes known ns mtina, aiya, '‘Not tlws 
magic wand uf Profiporo or Itie brave kiss of live daqgtiter of Uip- 
ptjrniii'S evd' f.ffoclod sndi a change m that wliiclj ap^ now enabhd 
to moko in tins* unfortunate victhm, doomef] heretofnro to lire in 
helpW imbecility—an unmistakable affliciion to their parents and 
their relttltvea.’' 

'Hie science of endocrinology was bom of primitive beliefs in organ 
mogic. When our remote ancestors Ijegan to uidulgi? in tiie art of 
til inking and liad reached the stage at which the}’ coiiM wivave tugether 
A number of seattfired otusen-atiuns anti come mu with a gi'iiural iitta, 
it was fl natunU deduction that the kind of food you nto was n big 
factor in detertnining wlntt sort of pftnwm you were. Tigwrs were 
(htuiglil to be fierra Lieca«« they ate raw meat; it was uvorloobcd 
that a tiger fed on lottuce and earrota would undoubtedly bt- flun'ajr 
still, and that a meat eater hod to be fierce to gt-t his inoAl wherrai} a 
vegetarian could nffonl to lie timid ojui floetfcKMfld. J^ucli thiHights^ 
traveling along a single track, uTOntually reacheij the conclnairm 
that courage could he awpilrefl from eating the liearis of conrugeona 
anujial.H or mtn, iiitelligenw from eating brains, and eo tin. lliu 
fn^'cliologicaj effects tmrloubtiHlty provided ample cirriimstajdbl evi¬ 
dence for the truth of the as&umptiims, 

Modem endocrinology tegan in lS8fl wlieji a famon.s Frnicli s«leii' 
tist, Brown-^etjiinrd, daimed remorkabie rejii vena ting cffwtii in )»m- 
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self fmin injertion of glnii^ extnwfte. iliS reaults, too* werfe prob- 
ebly psychological* hut his proutigo was auch <hat h>a ciaims started 
n devetoptnenl io medidtio that has had more profoimd (dgnificaiKiC 
than any since Pufiteur’a ditsooceries of the bacterial origin of di«a«f, 

Tiio human body is a highly automatic, seH-regoIaling mechanisim 
Kature’e [irimilive tneaus of n'gulation of the body of an organfein is 
by chemical suLstanees wcreUsd by its tifisiicB. Superimpoe^ on this, 
later in evolution, ift on involuntary norrous system, useful in making 
rapid and temporaTy ndiurtmcnts tliat lw»me newflaary for a body 
frith evor-invreftsing activities and more and more complicated rola' 
tions to its cnvirtuiinent. Still later in evolution Jfaturc added m 
TOluntaiT nervous system but very wisely refrained fnim giving it 
control over the internal retfulfttion of tlie body. As Dr, Cannon 
mnnrloi. we stiould l» greatly bolheml if in addition lo attendliig 
to tlie biudiKssa of otiier jieoplu we had lo uLteud to onr own, Tim 
internal nffaiiii of the laxly arc ttw imptirtnnt to }» auUjccL to a weU- 
meaniiig but neglectful and incompetent intclIi^nL-n* wbidf w^mld 
as likely as not be concoming itself with the llight of a golf ball when 
it utigiit to he sttendirig to tiw nito of the heart be4il- 

Tlio chemical meth«xl if still the fundamental meuos of regulalion of 
the 1H idy, ChomlcJi Is proiluced by t issues, which we cal t honnoncs, con- 
iTol such fuiirtiiins os growtli. devolopmi'nt,mutaboli£dj* and reproduc¬ 
tion, and adapt the body gradually to climat ic fluctn&timui, variations 
III activity* nutritional Ganges, pregnancy, lactatioti, etc. The human 
body ia one of the most thoroughly integmted and communistic or- 
ganizatloos imaginable, every port sharing, according to nwd, with 
eveiy other part, and each part, inllueneiiig every other part. It b a 
prevalent ^Hew ttulay that every iiiKue' and organ in thelxidy protluoes 
homiones or homuinelike subeiauces that help in the integration of tlie 
entire organism. As bodies tiecame ronre complrs during tlic cour» 
of evci Inti Dll, however, and the regulation more difficult, a nuinlier 
of special ghiiids for production of particularly jiotcni hormniww were 
developed. Hiese are whni cormtilute tlm end^xiHne Some of 

the glatuls am completely repnrsto organs having no oilier functions, 
tiIt'll OH the lliyroid, pituitary, and nrtrenala. Others have developed as 
spMrinl tii:suee in alnauly ssititing orgoiiB, oa in th* pwjcreafl, liver, 
und srx glands. 

‘riie potency of these glandis is almost incredible. They very lately 
determine whnL we are and how wo behave, Tboy dominate our physi¬ 
cal stature, our mental devehTpmi'nt. our emotional status, our repro¬ 
ductive activity, the rate at which we live, and our ability to imike 
use of <iur food, lliey are tlie arehitiicta of our bodies and Uie nioolil- 
em of onr chametor. A puppy deprived of its anterior pituitary gland 
may be converted from an aggressive, pngnacioiis creature to » wbimp* 
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rriiig cdWKiij, Atid tnity be retnrtied 1o >1^ formur atate by pitititAry 
Injectiixut. Injectinns of prolitclin into rate with no trace of tnotemal 
instincts will 6)1 them so fall of mother') ore that they wilE even motlwr 
baby squabs insteEtri of eating them. One is led to interesting specula' 
tion us to whetlier injections of prolactin niiglLt not bo u good alterna¬ 
tive to execution for despotic dicta Lorn. 

The honnnneif produced by tlie endoonne gloitdE^ anme ot imnlating 
and fiome inhibitory, not only affect the body as i whole in many 
complex ways, bijt they intemet with cneb other in such ait intricate 
manner that we ore still very ter from ideal ntilization of thejii, and 
we may look forward to a great; extension in tbo future. Yet even 
now. only AO years from the birth of the science, the use of hormones 
has revolutionized a largw part of tnedical practice and has given now 
insight into many physiological processes, such as metabolic rate, 
sugar metalHjlifiin, blood pnuseure, meustruat disordere, jisycliQtic mal- 
itiijiistmenU), adiposity, sxua! aberntliona, and reproductive diOlciiilies. 

Now let ns turn to another contribution of biology to medicino— 
knowledge of nutrition. For lack of time I will pass briedy over 
Tnsuy interesting discoveries ctMinected with metalwlism of proteins, 
fate and sugars, util Ian tion of mineralst etc,, though in posdiig I 
must pause long enough to mention a relatively new tool in physiologi- 
cnl research—^he use of lone tagged by means of atoms of utioxual 
weight or made rmlinactive in cyclotrons. By this menus it has been 
found tl>at molccnles in fhn body, even ihosp snpposiKt to be relatively 
stable in boncfl, teeth, or fat, are forever being shifted about, and re¬ 
placed by new ones. The body is even lesa stable than it was thought 
to be. 

The most signiflcanl dtscoveries in nutrition, ranking close to tJia 
disco very of honnoma in their importance to human welfare, were 
those of the vitamins. Sinoo the days of leopani*skin dinner jackets 
and strngglw with cave bears instead of dictaters, mun^s ways of 
life have undergone many chnn^ and so have hia foods. With the 
developnimt of agricuUure and civilljtatjon his Utod Iwcaiue less vanVl 
and hijdily manipulated. He began to live nioro extenffively 

on grain, to store food for periixlfl of famine, ami Co cook it. Later 
he began throwing aivay the viUmin-bearing t»rta of his cereab, 
doveiopiMl a Unite for refined sugar, protected tiimsclf from eimlight, 
mild often IivihI for niontlui without frcdi fruits or vegetables. Beri¬ 
beri, scurvy, Hcketa, pellagra, and night blindness attacked whole 
populations. 

Except for tho cure of scurvy by eating lemon juice or hemlock 
leaves florne 200 ycoiu ago. nothing definite waj) known about thesa 
imtritionai delidency dfeeasaa imtU Eijkmaim began experimenting 
with diseased fowls in Java 45 years ago. Gradually during the lost 
aO yeare a wliole alphabet of viUtnina has been dis^vered, but it is 
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(Hily within Uio hst itecAilg that have beau gibUimMl iu diiiixacaUy 
form, and s^iiUiivuzmI. Fpw proiUc even tiMlay teuliae the im* 
portance of this. Altlimtgh I his eouittiy ia p^rob ubly the best fed in 
the world, I do not betiore it b an exaggeration to any r hnt 50 anil p<w- 
(libly 75 percent of die American people do not have optiminn amounts 
of all the vitamina they should have. 'Ihcy do not have scurvy or 
beriberi or rickets, but they have a host of minor itlnesscs or troubles 
timt they need not have. Some British autboritim iiuTe gone so far 
as to say tlmt 99 percent of s«H»lled ccunmon illnesses are directly w 
iudlreti tJj'd ue to vitamin deEcieudea A! low) ng tOO percr nt expandtin 
for enthusiOidi), the figue is still impressive 

The common eifrets of vitamin dchdencies are such things as night 
blindness, susceptibility to colds, Quhoalthy teeth, poor appetitio, 
gtootiiincBs, nervousness, and a teudenciy to fly into tuntnmis. An 
ubufi JoDce of vitamins leads not only to a litate of superlwali h in pcoptu 
who have always considered themselvea reosimahlj healthy, but it b of 
greet, help in racoveiy from acute or chfonic diseases, repair of wounds, 
and resislance to infection. Even yet, many medical men tend to to«)k 
upon synthetic vitamins os medidno nther than supplemenUry food, 
but gradnally (tua is chojif^ng, nod it is encouraging to see moro and 
more foods fortified by added syntbetic vitamins. Because of thb 
and the more even difit.ribuiiou of vitanun-bearing foods by rationing, 
the geueral level of nutrition in England, in spite of several years of 
war, is bettor Uian it luw over been befont. It is becoming more anti 
funn: so in thisoomitiy too, 

Tlie deGnliion of medicine includes the prevention of disease as 
well as its cute and alJnvintloii. Some attempts at preventive medi- 
dne were made when disease was suppoeetl to he caused by deiuona, 
for it was a natural Luforeuce that if tlie demons could be ejected lliey 
might also bo provcuied from entering. With the develupmont of 
the humoral tbeoHea, proven Lire medicine wiis almost completely 
forgotten, Etnce no one had awn guessed os to bow the humors could 
be kept in order before tliey got out of balance. Prevention of di»» 
vuse ia a phase of ecology, and involves knowledge of tioTmal bodies 
and their relation lo tbeir environment, incLmUng olimnte, almosphem, 
and gcolqrical formations, as well oa relations lo such fellow creatures 
08 rats, monquitiM^ ike, hookworms, amocimv, and bacteria, to say 
nothing of viruses. 

It ia only in very recent tltiiea ibat anything whatover has been 
Imow'ri about this pbase of modteine. Only in a fow instances have 
the proceSiies of trio] and error that led to curative and alleviiitive 
procedures led to practices that prevent disease. One of the first 
great Uriumtdis in curative modi dne wa-V the diacovery, in lO-W, of 
the value of extracts of ducbonia bark as a cure for maiaria, hut it. was 
aiMSD—ID-aa 
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not until tht end nf ilie nineteeatii cMituty tluit n boniw fnr tlin pre- 
ventinn of matarin waa discorpted. 

A f«w' praetjpPA of primitivti' {wopln sufj^est nftetnptP, probaHj 
****^'|^**iS* prevent dii«pn9Pd fn Cndin, for inatnuce, 1 found u 
primitive tribe^ tUe Santab, ■frho never drink wntor directly from b 
strenni or pond, but frum r little hole in the sand a fool or eo away, 
tbue prarticin^ sand ftJtCBtion. one of the prime tools of niorlem flam 
itary en^eeriiiji. Tiir iiuJltTiefs of natiiiat matw for drinking was 
recf^ked long ago. Cyrus of Pf-rsia curried boiled water for his 
troi>ps 2/ii.Kl yeare ago. The tow repute of water ne a Iwrerofs* even 
in tha tinonlightennl middle ages is ex'iden<?cd by u thirteenth-century 
writer who, ilescribing the cstteme pfjTeriy of Franciscan monIce who 
ntittled in London in 1234. excUimed. **1 Intve wen the brothers drink 
aJn so flonr that twine would Iiave preferred to drink water.” The 
head hunting, carrion-earing Xagas of the Aaaim liUta drink only a 
ripe beer^ canying gtartera with (hem when they go on trips. 

Preventive tnailicine an prerttced at present hoe three prindpnl legs 
to reel on: (!) the upkeep of nntural rea’istanre by general hygienic 
^aaiim, inniiidinga profwr honnone balance and optimum nutrition; 
(2) the artifirial EtimuIatiHti of specific immunity or resistance; and 
(A) protection apiinst acetss of diseuae cerms via water, fowl, air^ 
w insect tmnsmifif-ion^ 

The general principle involved in the first of iliese buvre been known 
for a loBg time, but (he details hav® only rec™tly been filled in bv 
iliD with respect to hcimanegv muierab, nnd vUdmins that 

I liava already mentionef!, I havo already catl«l your aUimtion to 
the fact that in an epidenuc only a smiill perrentapie of rbc Individiiah 
that are actually exjuMed devniop a diii..'asc. Tlte determining fneton 
are the doBigB of germs that gain across to an individnal, and tho 
natural tcsistanre be haa. TIte higher the tiatural reriatm,™, the 
greater the dosago be can withstand. 

Ihu a(y,-oiif] log on which prevenlire Tncfltcine reste, artifidaJ srimu' 
latioit of immunity, J have alreorty discussed. On it «o deiiend verv 
Inrpty foroiir protection agnm^ small pox, diphtheria, trtttmi!i, reble^ 
yeMow f^,apoHcd fever, tyi>1ioUI fever,and many other disrares. 

third log on which preventive tnedicine resist protection 
Bgainat difireininaliou of gHmi.%—I hare i« far said Ittllo about. Imt 
here enormous alridiKt have been made within a ehort apace of time. 

Famima in unilary history ia the cose of the Broad Street pttmn in 
I^ndfm tn IS,M, areimd which centered an cipbsjvn oiithreak of 
i^Jera, After everything from the clwmicn! natiiro of the will to 
dust btna in reltara had l»en investigated, the relationship between 
dnnlnng water from the well and altaclm of rholota been me clear. 
Nature liaii proiided a grim leswm out of which grew modern aiuii- 
tary unginrenng. In the interrening m.i retire inwleni water purifi- 
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eaUiib Hud suLitoiy sevii^ disposal Imve derolopedi Wiic^oa in 
1900 »he Amarifiad "dwith tat« from typhoid was 86 pCT 100,000, ustlay 
It b about 1 per 100,000« and in 194S more than half of aur large dties 
bad not a stRgb typhoid deith. 

Milk nnd fo<Mil are eveit mon' recent derelapniients. Ev^iii 

20 yeftt? Hgo u child ran the risk of najitiritig disaose every tiine ha 
drank a g!a$e of milk; today the greater pnit of the milk supply in 
almost every city is peateurixech and nionr eides can boast of having 
no raw milk. 

iIiibI so yeai^ ago two American workers. Sinitb and Kil bourne, 
liiid the foundation stone fur nicdicni entomology when they deniriU' 
strated the tnnismissJon of a dieeftsS — Toxaa fe%*er of cattle—by means 
of a tii-k. Five yearn after that the moeqnito transtnisaion of malaria 
WHS proved and then, at the turn of the century, ciune tho briitiant work 
of an American A rmy eommmiion in Havauu, proving the tran-imisaion 
of yellow fevar by moaqintoes. 

T«Mlay medical entomology plays a largo part in our lives. By 
Irol of inaocta, ticks, or mites we are able to oontnol, tti tionte caara 
obiiOHt to extermiTintc, many important dUmses, inclmitng ootnn of 
tho mesS important, I nceti only mention the prevention of malaria, 
yellow fever, amt {lengno by mosquito control, of epidemic typhus and 
ratapsLug fevor by delouiimg lueLliodE, of pkguc and vndemio typliiu 
by control of rata nud fleas, and of dysentery by tly eradication. 

Alraady we Imve became oo aocustomed to the benerua from nil 
Lhrae protoctivo devices ilint we take tln*m for granted. Only wlten 
cifcumstiinoes intorforo with their pmctico, aa is often the ease in war, 
do wo realize how much we depend on them, ft was dyaiTitery, not 
tile Turks, that de'feated tlie llritiolj til Gallipoli, and it was dy^uitory 
and tnulorii, not the Jnps, Ihut defeated uur own troofis nt Dataan. 

Aa wo go uri into the fntitre, praretitive medicine will play a largtir 
and larger part in iiur Iivbk. Instead nf being a oecondiiry ind rala- 
tivcly unimportant part in the curriculum of our medical ochoob, 1 
predict tliat wb ahull liRve many ochoois devoted primarily if not 
exchirivciy to this rost'growtng tininch of niedical ecience, which ih 
s( lU 60 young that it b sddom allowed to stand on its own feet. Tile 
mibjocla lauglit will bo very largely hiologtcul onra, atich os nn.'dicul 
vntomologVf helminthology, proioetKilogy, bat-teriology, iiiimunology, 
the newly developed field of acrobiolo^, and methods of Hterilbtatinn 
and disinfection which ore also a branch of bioloj;;)', aince tiiej' dcu! 
with tho desiruction of tifs. 

In iiddition to Lh® calcgorira of dbcoverira in biology that I have 
alraady tnotiltonad, thare are other fielditof biological roHoareh which 
an* itiakitig vahiaida ronlributinns to both [‘raveutire and ttiera|>eutlc 
medicine. I have lime only to mention in pasriiig a few of fhe 
dbcoverics made in the yviiF IP42. 


330 AKKTAli HEPO&T fiUrrHBOiflAX tTiSTITtmON, 1044 

Dunng the past jmir great adTauces have been made in th«' long- 
Tiegtected Held n( aerobiology^ dealing with the distribution of poUeos, 
fungoe aporeSt micro^rgoiufiiiiis, etc., thmugh tliu afr ; new knowledge 
of the epruud of contagion through the air has been obtained, and 
new methods of conrro] worked out, u»n.g vapors anrl ultraviutet rays. 
Also within tlie jnear tlisre have been a number of now biological 
methods of control Ling pathogenic orgoniiitDa, including dieooveiy 
of on enzytnedike siibstantM in young rats, by whidi tuberculeeis ba¬ 
cilli may be shorn of the waxy ounte that protect them & 0 (m drugs 
and phagocytes, and diacotery of germ-kilJing substances extracted 
from molds and from various types of soil bacteria. In tl»e field of 
nutrition, evidence for the need of particular amino acids for epocial 
functions in the body have been demonstrated, and may pave the 
way for better control of these functions in the future. Mew matliodfi 
have been developed fur the niady of the ultimate connections be¬ 
tween nerves and muacitss, which may lead to better control of paralysis 
and muscular dieeases. Announcement lus also been made of the de¬ 
velopment of germ syrups, at negligible cost, wliich change tlie bac¬ 
terial life of the human intestine so that, Eke deer and cattlst we can 
not only digest Uie cellulose of gruB, Isaves, and wood, but can also 
eyntheshso our own supply of 13 vitamins within our own bodjea In 
research on cancer, which is une biologicol problem that is stiU tin- 
sulvcrl, a number of uigniftcant advances: have been made. A few 
mofi* pieces have been fitted into tlio mosaic, bringing the final pic¬ 
ture n iittfe nearer to oompletiotv. In this field as in that of allergiesi 
tiicre is stilt much to be done, but there Is every rBiuson to beUeva tliat 
it vtill be done tiefore very long. 

Alan’s mgennity has freed him from many pliasea of the atruggto 
for existence to which other crtatlt^ are enbjwt. He has gained 
an ittKuperablo advantage over flio wild beasts, and his inventivo genius 
d^as the attadm of diinate and the elemetits. In Iiis elniggle Bgairif4 
disease he has, as we hava seen, niado wonderful progttas, although 
he still has for to ga Thera is some reason m hope tliut after the 
present global war iina biiriwd itself out we may be able to free our¬ 
selves from tile one pltase of the struggle for existence that man’s 
mgenuity has ateadiJy ntude more terrible, the stnigglo of man against 
man. Witii all the phases of Che struggle for existence well in h vi id 
we nmy tiiaii turn to u struggle for improvement of our kind by the 
application of two other branches of biological ficicnoe, g«-iii:ti« and 
eugenics. Within oar own gonoration provenlLva medicine bos 
grown ijut of thornjHmtic mediemo; pcrlm|js our children mnv live 
t(» see a still newer branch of '^mproveimuil. medidjie,” in whidi cn- 
docnnology, riutritionnl studiisa, problems of aging and rriuveiiesccm* 
and eugenics will lead to greater health, moro bappinass, longer life, 
end better ovolutionacy proapects than have hitherto been our lot. 





THE LOCUST PLAGUE* 


By B. P. UUKfiF, D, Sc. 

MnUmchufitt, AC,ti-Loe«»t AnwreA Cmfre, Bni\*k tfHr-Km (BTniural BCftory) 


TEIB OLDEST ENTOMOLOOlGAl. PBOBLEU 

Tlie locuBt problem has conironted JUflu suice tbs earU«st boi^iimin^ 
of n^jcoltim^ Biblical refereQces to locust plagues ore wdl knowi^ 
And Joel’s description of a locust lavoaioo bos nowr boeu surpassed for 
its dtumutic incturuqueiuin cowbined witb amulog otiotracy of ikiuiL 
The earliest known record of locusts » a picture of u locust on tbs woU 
of an Egyptian tomb of thti Twelfth Dyrutetyf about ^^00 B. C Bef- 
erencoB to locusts abound in ancient Egyptian, Hebrew, Greek, and 
Chinese tests, and Roman writora each os Titus, Livy, and Pliny baire 
loft us many data, fantastic, but some of definite Tolue, A criti¬ 
cal esamination of this inlormatton is still await«l, ami it may abed 
new light on certain sides of the problem. 

The mom recent titemture on the locust problem is enormotts, and 
ibe number of books and papers on the subject was estimated 1{> years 
ago at about 2,000; sinca then this figure has been almost doubled, 
owing to iniensire new research. The mnn important contribiitjona 
ate published in about a dozen languages, and the Utak of coping with 
Ihia flood is not on easy one. 

\VOHLD.WII>E PROBLEa 

It IS often thou^t that iMOSt plagues ore restrictetl to a lew coun¬ 
tries and that the world St Urge need not be concerned about them. 
This view is largely due to tho fact that central and northwestern 
Europe is now practically s&fe from locusts, though Its southern coun- 
trias^ e. g., Portugal, Spain, Italy, the Balkan Peninsula, the Ukraine 
and tlie Caucasus, know their depredatians only too well. 

The zone where agriculture has to reckon with locusts and their 
lesser relatives, gras^ppetu, hccomea even wider in temiMrate Aara, 

114<fuxi eillrkf*A Mkiiw tlM D^lnbiii «iul Stelleik df Aj-U 
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vhorv » bri>a<] belt of the fertile Sibciiun lanrls produces, iiut only 
graio ii) abiindHnoe, but also gnushoppors which (Ab; their loll of 
the lian'est. South of that beltt Soviet MiJtMe Asia, pctxlttcing eottou, 
fruit, fltt, b ijuhjeet to ravages of the Asiatic migratory {Lofwtn 
ittiffraioHa nupralaria) mid llie Aloi'oeCBii (Dodontaunu tsuiivnrmiUf) 
hfvusts. l<‘iirther etiRt, iu China, tlic Orienl ai uigrttiory locust {Loetttia 
riujfretiirut tittinitentit) lute repealedJy cuuseil wholesaie famines, and 
Lb aciually cAustug untolH tniseries at pfetwnt, TJie range of tliia 
IfKuiti extends to the Philippine Islands, when? records of itji rtivngea 
are found in the eitrliest Spanish eJtroiuclee, and to Borneo, Celebes, 
liKlo-Chinn anil ihe .Malayan peninaula. 

Itei liming westH-ard again, ne meet the vest eone where the desert 
locust {SoAUtiKrrca jirrffftifia) holds ita eway over agriculture, which 
b Itcre catried out always under precariiina conditions, nubng its 
prodtteta partiailarly precious to tire pnputation, so that a lufis of 
harvest smuimts to a major cslnstropho. It U ihis doifert locust (Itat 
Ivfls been hnown to man since HiblicAJ. times, and which is stiU im 
tu-tive as it was thouB&nils of yeima ago. The area of ite dcpirdaiimw 
is mm moil a, stnrtohing from India in tlie e«$l to the Adontie coast 
of Africa in ilip weid, and from Russian ^[iddle Asia in the nortli to 
bolo w t he Eqii a tor i n east eni Africa. The trap ienl porta of A fr jco also 
have to cope with two dthvr kinds of locust, the African migratory 
(to<wta mffmteria and Lljo red (iVfowifldWb #u/>- 

temfajM?iat*t) locust. Tlie Inttfif esiends Its ravages io BouUl Africa, 
which, in addition, lias a very orions problem in tlie emhanio brown 
locii^t iLocm£dn4M pardidtna.)^ 

AuBiraliattliecontimml where agriculturBl devolopmciit staned rela* 
tively reoenlSy, but where it has made gmat strides, is iilresily paying 
H heavy tax to loctuits and grasshap;>ora. 

Turning to the Western Hemisphere, botJi the United States sml 
tanads have to wage an almost incessant war against graislioppent, 
while wide regions in Central and South America are periodically dev. 
usutwl by swams of the American locust (5eAie(o«ro* pamntmth). 

1 bus, none of the five cojitinenta is free from these pests, which, hi 
fact OTO absent only from Uie forest mid Uie tundra belts in I ho nortli, 
from tlie equatorial fonssU, and from the high moimtaine. TJie rejnons 
either pemanently infested by Uiem or Eubjset to tlieir periodical in- 
rtirsjtms mdude no le«s than TT eeparste countries {flg, 1J. 


WHAT LOCUSTS COST THE WORLD 

Begirming with the _Eg>T>tian locust plague, described in the Bible. 

w/r, ' Tu devastation* canned bj 

iMuats, follon-^ by fomirna dectinating populations of whole couutriii 
Thus, m Uip Riiinan eolmuoi of Cyremiira And bTunudl* no Lem than 
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800|000 poop2e died ju ilifl jear l£6 B. C« after a locust IutbsIoii. Graat 
fotuiiies liAVfi been caused bj locusts in India, Cbiiia, uul oUigr coun- 
triesL As msoily m lf>30, Jossea of crape estimated at nearly 1,000,(100 
pouiidfl were caused by Joiruals in Murewco. In Nigeria, in the aonto 
year, 1,000 tmts of grain hnd to be imported to preTent foiutiiej in 
Tanganyika Territory 75 to 100 percent of native crojH ipere dceirayed 
in IfriO, niu! in Kenya in the same year i!£^,000 liad to bo spent on 
relief from iJio fHiuiiis caused by locusts and drongliL 

Tiiese arc tmpn^ve %ures, but it may be argned tluit locust tnva- 
(fioiifi occur only periodicully, and Lioit n distorted picture of their eco* 
numic importance ia obtained by lOnsideriDgexcspLiohal cases. 

To assess tJie cost of iucusts and gTssshoppers to the world, the Anu- 
lAXKifft Beseareh Centro attempted to collect statistical data for u 
lO’year period, 1025^, whicli covered both bad locust years and those 
five of them. Statistics of ibis kind wore not easy to obtain, and only 
m CO uni rics (out of 77 suffering from locusts) submitted them. Never- 
tbeleas, Lhu total was staggering, sliowing tliat crops to iho value of 
i8«Jjl20,800 Went to feed the IocueIs m 10 yearsL Xhe losses would oer* 
Lai Illy have been greater if no defensive moasares had been ukon, but 
the latter cost unoibcr lit million pouiufs. On tlio btisia of these llgurt% 
it was not an eaaggemtion toeetimate iho ainrage cost a| locusts and 
groashoppere to the world at 16 million pounds jier annimi. To this 
must Iw added tins enormous figure of unimid labor wliicJi Is used almost 
fiverywhfiTfl for large-scale defensive measurea. The daU on (hie point 
are very^ mcouipletis, but tlie ntimber of man-days often runs into 
milliuns in one year and in one cotmtiy. 

AtSBICt'LTnitAL ntOOBJsBg AXti I.OCL’STS 

It liaw t«en argued that locusts and grfwaljopjierg represent a danger 
only in backward countries, and that tlio advance of agriculture should 
moL itolily lead to ihoir diBappearanoe sa pests. A long tnierval during 
which the United States of America were olmust free from grass* 
hoppers led some of the most tmiinent American entomologists to 
believe tiiat. agricultwnd progress hod made a repefitiun of the graaa- 
IwpjNir plagues iiu[) 0 ^ble. These hopis were rudely shuttered in re* 
^.ttntyearo, when grasshopifer outbreaks nsconuiienced on a tnily Ameri¬ 
can scnlo. ^ 

iioreover. there are defiiutij cases on record where dirijct cncouram- 
ment was given to jneuats by oliierwlao eacullcnt devolopmonts. The 
Daimbo dolLa, fiw cxiuiiph!, had l>«otius uiisuilobla for locoat hrewling 
on a lar^ scale towird tlm end of die bet century, hut recent regulation 
of the river chanriul rcsultofl in the crourgence of iiuw areair of land 
whid) were iiuickly utilized by loateta, ami an area which had not 
produced locust swarms for many years became again a simreo of 
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danger. In ncnlhem Borneo, iocoat^ can brajil only in ftrea$ where 
the jungle has bceit cleared ior cnitivadoii and abandoned after a few 
aeaaoria^ such shiflinfr cultivation thoro, and probably in othor similar 
nraaa, is a direct cause of Ittciisl outbreak In western AiiBimlia, 
(he clearing of diy loinsta in the intaieeia of <d»eep breeding haa created 
a type of grassland admirably suited for loeuata. Overgrazing irf 
natiital pastttrm h iargeiy the cause of the great, and growing, gm,v#- 
hoppor mcnoGo in Argentina, stKne parte of the United Slatted Canada, 
and parts of Rusaia. Sudi facta the Fourth Intemnlional Loeost 
Conference, held in IDTtfl at Cairo^iopassa rcBolutioa painting out that 
like mass development of locuata and gramhoppeis Is fmiheitid rather 
than lundered by man'a activitieev and that no lioi»es can entertained 
of tl)c proiilcm's becoming Ices acute merely as a result of the general 
<]evelopment of a countiy. 

To must be added the consideration that the agricultural de- 
vetopment of new areas, e. g„ in Africa, central A^o, etc., tends to 
increase Llio dongor from locusts in direct proportion to the increase 
in tbs voljufi of crops expomd to their mragm. 

TtlS QSG3 OF UKtJSTB 

It may well be asked whetlter it might not he pomilile to find some use 
for the mass of organic matter represented in locust swarms, some of 
which have been estimated to amount to hundreds of tons. Chemical 
nualyscK show that toeusts contain protein, fats, and mtnorol salts, 
winch wouli) 1)0 of iitluc in the preparation of fertilizers and of food 
for cattle and poultry. From the technical point of view the idea ia 
aound, but oo indusity can 1>e based on a raw matensl wlilch may be 
overabundant one year and ncmexistent the next. 

TIte (i)w of Iftcnste for foml is well known, since Jolm the Baptist 
lived on them, as Betlrmtiis in Arabia still continue to do when other 
food isscnrce. The Aesyrians apparently considored locusts as food fit 
for kings, since a bits relief of the seventh centuiy B, C. aliowa Ittcuste 
being brougiit tip to the table of AssliurbAnipaL Lrxusts ore still 
eaten in many countries, and the Pliilippine fl^ikartment of Agneut* 
ture has recently published a painpltlel describing $3 ditferetit ways 
of cooking them. Some of the recipee sound rather attractive in war¬ 
time, perhaps, because they include snclt ingretliente as eg^, bananas, 
lemons, and pineapples. More plainly cooked locusts were recently 
described by an entomotiigisl as **Qcitlier repulsive sor producing any 
pleasant sensation." 

LOC1TST8 AKD TIIKIB HABETS 

IVv have been f^ieaktng of locmsts as a plague of agriculture, but la 
order to undentatid tlie problem, It ia tieccssary to have a dear idea 
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of whttt locuiitii Still liovr ilicy liivfi. A locuit is notWiijj but a spe¬ 
cie nf gm$shupper, hut uemsUy larger in d2e and chstncierixod mainly 
by gi’e^'anouii Imbita. 

The life cycle of loinifite and grasshoppers Is fsirly simple. The 
eggs nre deposited by rhe female in the boU, in packets, or “egg-pods,^ 
each containing 30 to lOO epi;^. In counlrioo with a cold winter, eggs 
lie duinianl througliout Uiis tieason, anil in spring the young loctcds, 
or *‘hoppSTS ” emerge from them onto the surface nf tlMi soil. In the 
Trofnes, the eggs may hatch in 2 to 3 weeks, if them is min or moisture 
hi the soil. TJia difference hotween gruishQ'pptii's and Idcqsis becomos 
appamnt in rhu hopper stage; tlie former may be numerous, but each 
one lives independently of tlw utiicrs. whei'eas ibc. lattor oongrvgatc 
in dense groups, or b^da Furtbor devulopmont cnnsutls in rapid 
growth, slinuitaied by I'orscigus fwding on green vegetation, and in 
I he iicnodic moulting which ocelli' + to 8 times befojv tlie adult insert 
appear*; these differ from th« hoppiire only in sjwi and the prvsencn 
of two pairs of wingn. The whole ejele occupies a year in tempemto 
climaUs, hut tn the Tropics there may be seTorol gtmemtions wjtUin a 
year. 

Tile most striking feature in the behavior of locust hoppeta ta tlieir 
mass toovoment in bands, which may cover several square mile^ The 
relentless marcli of liop|>er bamb which are not stopiied by obstacles, 
eret) liy w'ater, croatca an impression of ii dark purpose, of a movement 
toward an objective, and many more or les.-( fantastic explanations 
have fieen offerwl to account for it, Keecnt investigations have, liow- 
ever, dehnitoly proved that the movement of boppora depiuids very 
largely on temperature and occurs only on sufllcicntly hot days, whii* 
eacessivo hem again causes it to atop. The hopper ninveiuenta arc not 
caused h)' lumgcr and do not aim at finding food, since hoppers, driven 
by heat, often leave a fertile area and march into open desert. 

W'hwi hoppers become adult and Kdiuire wings, they soon begin tu 
fly nliottt in awarma Again, a swarm docs not leave an area beciauso 
of lark of food, and it docs not nijc(«sarily fly toward more fertile 
lands, but its flight is initimed. directed, and interrupted by various 
weather factors. Swarms may reach gmt nw and ixm La in fantastic 
ftumbora of individuak. Thiw, a swarm in Eiwt Africa measuring 
Si by CO milas was ratimated locunaiBt of n million million locusts: ond 
even larger swarms are on record. 

The distances coveted by swarm flights may bo enomioua. In 1893, 
swartna of the migratory locust from tbo Danube dchn ttrfchoil Walw, 
at K distatieo of olamt 1,800 miles in a straight line, tliough probably 
not in a single flight. A awarm of tbo desort lucuji was encminlerwf 

betwwm Soniii America and Africa, about 
1.500 miles from the latter, wbetint it cerlainty camo. This muBt have 
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been a eitigle euatained fllgJjc. As wilt be ^seen later, the extent of 
migrations bocdones e^'en greater wtiou tlie Bwortus of sererol succes" 
stve generations are cniisidered. 

in^moDti OF iA)CL'trr cuni^ol 

It woutd be iijipod^lble I'ven to enumerate here the niiiny methods 
or rt.'emnmended, for locust lieatnictiuti. It is of itUeresl, how- 
«rer, to point out tlMi some of them ere centuries old and are still 
in use. The deatmctlou of by digging was pi aetieed tn imtiejii 
Chine and ia atilJ widely rccommcndecl, though it Is effective only in 
some special cases. Denting uf hoppers by branches arjil driving 
them Into trenches were Urn nieOio^ enforced bv the Boiiians in 
Niirilt Africa, according to Pliny, and are still pioct icinl in opite of 
being of little, value ttnd involving the use of forced labor in ast ro- 
tiomical quantities. 

In more recent times, etidleas new niethods liavc been proposed and 
tried against locusts, such )is the uae of (lamG throu'e)^, poison gases, 
bacterial diseases, steam rolkre, bolloou barrages, etnuks scrooua, and 
even artUliiry. Lately, the metUud of poison baits lina cume into 
ttlmcij^t universal tine. Bran, moioteiied with sodium ansenite solution, 
is scattered tluiily on the groitiid and proveo to be more attractive to 
locuota than green food. VVhen the tow dosage of poUon, sullcient to 
kill locnsts but not grazing animals, is strictly mthered to, ibere is 
no danger from baits, but it would obviously be an advantage to 
eliminate all rbsks. Tltis may eventuitlly be acliioved. by iovustiga* 
tione, now in progress, 'with duets which would kill locusts by contact 
and which could be aprayed frutii aircraft. 

However, even some of llte relatively primitive nieth(»ds may b« 
of use for destroyiug Incuslo. Indeed, it ia dchnitely not the lack of 
the proper tecluiique whidi hamjKrs the solution of the problem. 

Af{TJ-l>OCU8T POUICT OP ‘t’HB FAST 

The main stumbling block Id the way of a eolutiou of tho locust 
protilum is the fact that lociuit deprodatlons do tiot rmir annually 
but in cycles of Mvornl yeaia, t(epanitt!d by clear intervatn. 11711011 a 
country is invaded, no etTort b aparwJ to orgunira dofeuiw, which ia 
rarely cffijciive, since the orgstiioation usually legs behind the inva¬ 
sion. As MOOD OS the imnu’dmte danger is over, the anxiety givra 
way to whoUy utij-uatihcd hopee lIibL porhup (he invasion will not 
recur, or at lioist not in out lime, and uotMug Is dune until the next 
entostrophn, which again occure unexpectedly. II b Uiis unfounded 
opUmisni that alioiiTd be cuuHldcrcd us the first causa of the runtinuil 
recurrence of UKtitil plngues over the centuiies. 
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The eecond re«eon for the fBiliirv to control locuats U the isotatloin- 
ist policy of practically ovetr cosiiitiy wbject to ihwf ilepredotitiiiiL 
Histoiy proviJce example! of gnat efforts to control locnsts in 
Algcfifl) South AfriciLi Argicntine, etc., hut the results were always 
temjHjiTaiy and never fed to a radical eolation of the locust problem, 
simply becauae it is uisoluhle within a single country. Wo have aeon 
that swarms in their flights may, and do, cover great distances, and 
that they eoiupletely look respect for any man-umde Iwundarics. 
Swamia of the desert locusts, bred in India, itsually migrnta to Par^ 
na atilt Arabia, and their progeny proceed to Egypt, Palestine:, and to 
East Africa. It is ctoar thoi control mEsasnres in any one of these 
countries, however effect; re, may only protect the standing crops of 
die particular season, but will have no effect on the general situation. 

Sporadic attempts to approach some mcasurs of international 
cooperation have not been lacking. Conventioiw pledging each couu' 
try lo wntra] locnots within its own confines have been vomludcd 
between gr(iit})e of adjoining LUiuntties (t, g., South American Repub¬ 
lics; Iraq, Syria, and Turbey; Persia and tlia Soviet Union, etc.), 
bti< motit of them reinalnL<d paper agreements only and had on prac¬ 
tical effiaM, because they alt aimed at defense only, and no attompl 
was ever made to take coDcerted measures toward a taating solution 
of tbi* problem. 

Xlip most spectacsilBr failure of sudi attempta to ootve tlie locust 
problem by resolutions ■woe Uie Rome International Ckinferenoe of 
1920. A convention pledging tlieir countries to take nil (he necessary 
measures against locusts was signed by delegates of 18 eounlrie^ 
widely scattered over the globe. It appeared incomprehensible why 
hludagnscar ehould join forties with Mexico, or Hulgaria with Uru- 
giiey, since they are threatened entirely different sjieciea of locusts, 
and the course of events in one of (liem could not ijossibly have any 
effect on the others and the Mdullun of tlie locust problem remained 
unattainable as long as it wo# approached without sufliciGnt anentific 
baste, ihou^ it was certainly riglit to n^rd the problem as an inlcr- 
naiional one. 

SCiBNTiriC IIAHIS OF S NEW i*OUCT 

The irregidar periodicity of locust itivasJime hampered (Sdentiftc 
re«!urch on the problem, just as it did the utganiaatiim of locust eoti- 
troi. It was iiaturoUy difficult to peraunrle governments to siiend 
tiiuiiey on locust rwitarch in tin* periods wlwii Kwarms were absent, 
ami little could be aecompiyitfil during the locust yeara, when all 
effort* were conccntraied on defense. As a result, there ivas no answer 
^ the qtiiwtion: ‘‘WJmt Imptwns to locusts when liifereare no swantiaf*’ 
Since locust* matter only when they ore in eworma, it ajijteareil idle 
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curJiJsUy usk lLb quciitJoti, butT fortuuat«ly, sd«ntists are often at- 
trad^l by probltnui, In this oiae, entonmlngwts Ik Bai$m 

and in Sotiib Africa undertook investigations, and almost simultaiw- 
ctiisly, and quite nidejiendcnUy, arrivt^i at wludly unexpeoted, but 
closely similar coucluaiona. If was found that locusts In tbe years 
wbeii they are not numerous differ from the swarm locusts in appear¬ 
ance and in Imhita. The cstamol differencss between the swarming 
and tlio solitary phases of locusts, as they came lo bo kmiwn, are some- 
IJmos 50 pronoujiced tliat the two pliaea were cotmidered by specialists 
as beiongiiig to different species. As regards habits, locusts of tlie 
solitary phase are typical grasshoppers, sliowiug no inclination to 
form dense bands and awarms, Should, however, tiie ti umbers of 
locusts in a restricted area increase, eo that crowding reanlUi, the 
lomists aciiuiro strung gregarious tendeticies. The phenuiiteiiun of 
phitse vaciatlati in locusts has since been subjected to inteuaivg studies, 
nod many intenoaing deiflUs imve been di^vered, but the point of 
oiitrtandiiig practical ]m]iortatira wna timi it opened up a pu^ible 
appitmch to tlw probleDi of tile origin of iocuai outbreaks, 

WEW OF INTKffOOATlONS 

In 1926, a serious outbreak of the desert locust started lo develop, and 
the British I’lovenuneiit decided that rtope idirmld t>o taken to con¬ 
sider not only defensive measures, but also the possibility of a radical 
solution of the problem by ascertaining the reasons for the periodical 
swarming of locusts, witli a view to their contioi. A l^usl Sub- 
Cnmnuttcfl of the Committee of Civil Bescarch fLater transformed 
into th* Committee on Control of the Ecoiimnic Advipwiry 

Council) was fonued on April 29, 1929, and that date may be taken 
ia tho threeimld of a now nnti-locuat policy. Thh actual work woe 
imtraaled to n special research tmil, imdcr the superviaion of Sir Guy 
A. K, Marshall, then Director of tho Imperial Institute of EntomoU 
Dgy. and under the lechnical direction of tlia preeont writer, A 
scheme for eoUeciuig onrrent infbnnation on locust movemonts and 
breetling in all countries of Africa and tho Middle East woe intro¬ 
duced, and seven) ffdd investigators were sent out to study the prob¬ 
lem on the spot. The orgauintion, set up ss a purely Gritioh one, 
rapidly actrocted attemtiem in other oomitriea, and the Fmt Inter¬ 
national Locust Conferenm at Borne in t9?D rcqnoated the British 
organ iiatiou to act os the Intemationai Cencrv for Anti-Lucuat Be- 
aitarch, whore all the information on the sub|Kt could he centralized. 
Tlie years lD30-a8 witnessed a unique conwnimtion of scientifie effort 
on locust investigatinno. Parties of Brillalt, French, Ikiigtan, ?wuih 
African, Indian, and Egyptian experts ^stemitically oaplnred one 
area after another; spending months in the regiona which ora rightly 


340 AXjruAi. nrpoRT sahtssosUx iNammioN, 1044 

regarttu) tm mtKit ittlu)«p1t«b)o| eai^^abitfibrng tempo nir; flpid lAbortt' 
{Ui<l ^ndu&Uy ilbaitonjiling the many threads of llie great 
probleni, ffor was this osicnsive iTork unooordjiiatiMl, sicco practi> 
ealty eeery year the pxf)«rta otn] othei nprcsentatlvea of the countries 
invulved caina together for a conference, to pool the tttiiultAniMl to plan 
funhiir eampuigna. The acctmmltlion of itifortnaiiati on locuKte at 
the rnleriiatHttial Ueutre, in the nieantiuie, vrent tm, with a strady im- 
proveiueiii in iJte unified reporting systesi, which by now covered Uie 
entire continent of Africa end a siibstantinl imnion of Asia. Ail 
conntri(% in tliat immense region stihmitted montlilr reports un ihe 
locust situation. These reports were critically oxoiiuned, sumnuutzed 
Itntl uinp]>ed, so timt all tlevcloptiients ia thfi ritiiatioiv oouhl lui fol¬ 
lowed stop hy step. 

A feutiire of this international clTort wna its dovelopment without 
iho signing of fortital l^onv(!ll(in^<t and <in a hnsis of direct collaWa' 
tion hot ween exporia of many natiotu, with tho ready support of their 
gttTeruunmts. 

Tha reisulis of this teamwork, which is certainly unitiuo in cutumo- 
logical history, have justiGod the clfort. At tho outset of the investi* 
gaTiojns pnictiofllly nothing was Itnowu on the di-ftribiition of ibp 
different specits of locusts in Africa, on ihair seasoiiJil cycle and migra¬ 
tions, and partienhirly, im Uu* origin and h!ie coiir£s« of their periodical 
onthteaks. After B yenis of iiHcttstvo work, a ctcar picture <if the 
whole pndilem Wiims available, which has made it possible to formu- 
lale ail eiitirrly new nnti-Iocusit policy, aiming iit a imlicol solution 
of the locust problem. 

NTW ASI’I tXKni^ l»f>UCT 

rho iuTestigations just outlinetl have provided abundant ei'ldtiKW 
Uiat the periodicity of locust outhmka ia closely enuneeted with ihv 
poriodicml trjiUBformolion of llw! hamdesa solitary phaw into (he 
dnugerous giegurinufi otic. Suoh a confitmaiicm of a scientific theorv 
may oppear of no importance except to experts, but actually the theory 
luis supplied the key to the whole problem, It was proved that the 
traiisformaliem into the gregarious phase «tu happen, in the case of 
each locust upecieu, only in certain relatively fMl.rit4ed arras witli 
peculiar DaturaJ conditions, and it is only in these outbreak areas 
that (he first swanus can he fonaed. In the ew>r of tli« African migre. 
icry locust it was eliown Uint a few sniail swarms itrudng about l&iiS 
in a restricted arrs on the middle Kigvr in the French Sudan were 
til© cause of an invasion which in & years swept over the givatcr part 
of tlie African cuiitinent (fig. 2). The outbrealt areas of the red 
^uirt have Iwen located in Tanganyika Territory atifl in Knrthurii 
Khodreta. T^ uh regard to die desert locust, it was found that its 
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swariitM can arise from tba scatterwl locusta of tJiuf aolitai^ phase on 
the coasts of tltc Reti Sea* in Baludiistan^ and In Mauretania, 

Thp fact that tho great lociaft invasions ara due to very small be- 
giunings haa imporiant impltcaUmta, for tnire the origin^ uuLbreak 



rtHiniE of Africa jiUowlnjr tbe; ot ntAtniA iif Ut4 pilfTmlurr luciutt 

fiti|rrafurf<i44^ li & R) diuHjig tbp oulbniflA. Thtt 
outhrtMk tXfiEiiufirici^ in ISWat In tbo two c^teni ofl Ni^nr hliowti Iti 

blftdE and ^fn^nd Sn iamt flTer Chn iirfm imoibtiml t Tlio arcai 
ill^ InTniiwt dnrini^ fmeh flf foUfrffIna yt'iin art iititiibaml 
Of^nemUft Rtmiratimk* i*iw «cli fwir. Tbei arriiw* 

utily iUfi auilii iiixm of islj^ratlOA^ acnoll^r tc&waid Juoviniiiini;i uui indi^K Kbi^trn. 


urefts (ire fcnown^ t\wy can bc^ put utider pArmarwriit obaiyrTatioii ind 
any tendc-nry m tin? part of tl«t solitary lomidU^ to fonu 
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dwuTii 5 esu b 0 supprc^ised before they hnvo imd a dilutee to spread 
deeo'liereL Tiie ueiv |)olley of locust eotitrol amts. tUarafon;, at prt^ 
venting die outbreaks iiuteud of allowing dieni to develop into in- 
viuainna and dieu tiding to dudsc disperalc defense meosttres. 

Tins policy ol prevention of locust outbieaks is clearly more 
rational titan tlie old defensiro policy. It is also more economicai, 
requiring a regular annual expenditure of only a amaU fraction of 
tlie average aJinual cost of the dAfenaive measures, apart Iroiu elimutat- 
ing the lo^es duo to invaaiona. 

By the yeuF lh3S, the intemadtinal iuTestigatiotts bad advanced 
ao well tliut it was [lossiblo to fonnuhite practical plans lor dealing 
wiitt die diree main locust specif nllscting Africa and the kliddle 
£afit. At tlie iriftli Iniernatiunat Locust Cottference held at Brussels 
in 11138 , definite schemes were elabornted for establishing pemuineiit 
organizations for t be control of the dteert, migraUiiy, and locusts, 
lliese plans, naturally, requited iurtlier discussions of adniinistrative 
and (iuaudul details, and these extended into 1999, when the out* 
break of the war nude Lite locust problem appear insignificant. 

Very aooii, however, it became apparent that the war would demand 
a masimuiD pi'oijnctioti of foodstufis and that cropa must be safe- 
guarded from tocuiits. Unfortunately, most of the outbresk areas of 
the desert locust wtjre near, or very close to, die war zone, and die out¬ 
break areas of Ihg migratory locust became inaccessible to outside 
experts after die fall of France. There remnined only the red locust, 
and the sch«»a for its cotitro), suppoftwl hy th« British colmtiee and 
protectorates in Enst Africa, 1^ Southern Bhodcsia and the Belgiun 
Congo, wns laimclied in 1940, Bocentiy, it hciuiizte known that tut 
organisation for jireventivo control of the migratory locust him been 
established by Ffioich authorities without waiting for inteniational 
support, which must be given a* coon uh possible. TltUB, in spite of 
the war, ibo fiiuntbiltau Rtono of permttntitt inlernalional locust con¬ 
trol wiiK laid. 

te>CUST» AND THE WAH 

It wa-s a must utifortunate coineidence that, after a quiet interval 
of several years, iKo desert locust cxliibitotl !>igns of renewed sworm- 
ing just as the war broke out and the first swarma bad a dtance to 
<^PR observation and tlestnictitm. By Lite time the areas in ques¬ 
tion bad become more uccrasihle, the swaiw were not. numerous, but 
mifficieiitly wideaprwad to neccssUate Hti urgent campaign for tjje 
protection of crops dirougbout tlie ^liddlu East ntid East Africa. 
From die point of view of organiiuitian, war conditions proved to 
be, paradoxically, moro favorabb for an anti-locust campaign than 
notmal times. The importmioe of mfcguarding vital fooil suppllw, 
both for the troops and tint population, became a powerful factor in 
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ohUioiiig tile w^illmg ooopentioD of dl concerned. Titia made It 
IMsalile, for the first time i» the history of locust eootrot, to urgunlEC 
not a dossen snutll national campaigns designed mainly for defense^ 
but B unified campaign emfaracing the vbote affected area and assum- 
ing tile duiraCMr of offenaire openiions. These operations are baaed 
on a hnowledga of the aeoaomd tnovements of sn-arms, which has been 
aceomulatod in pniO, years and which makes it possible to forecast 
the course uf events with constderahlc occnracy. It b a nutter of 
ittstifiahle pride for tlte Anti-Zjoeust Centte Unit in Uu present in- 
vosion ev-ery country has receiTod a timely ^vaming, and that these 
waniings have proved to be correct. 

TII£ INTCKXATIONAL i^TI^LDCtTST CAUFAlQN 

Seasonal moronents of the desert locust cover an enormous region. 
Sn’orms produced during the summer monamn rains in fodia Qy 
in the autumn to scuihem Persia and Arabia; the latter country 
receives about the aante tittle the swanus bred on summer rains in 
Africa. Tile winter and spring mins in Arabia and southern Persia 
enable these locusts to multiply and tltc new swarms produced in 
Uiese countries move during the spring into Sinai, E^^pt, PalcstiTie, 
Syria, Ira(|, Central Persia. AfgJianisian, and India, sometimes reach¬ 
ing os far nortli as Turkey and Soviet Middle Asia, breeding wherever 
ihiiy moot roiiiE. The Bed Sea, Quif of Aden, and even the Arabian 
Sea Bie liable to be croseed by swarms migrating between Africa, 
.Arabia, Peiuta, and India. Many £■ warms from Anibin croas to the 
Sudan, Erittna, and Ethiopia, where they tire abb to breed again on 
anmnier rains. In the Soiuaiitamb, Ethiopia, and East Africa, tlic 
seasons are somenhut dJiferent, but the principle remains the same, 
since locust swarms always evicualo a teginn which becomes too diy 
and migrale to a rainy one. As a result, itie whob enormous region 
stretching from East Afric>a to India has to be regarded as a single 
interconnected migmlion area. Obvioualy, the geiientl strategy of 
the anti-locust campaign hod to be bused on the knowledge wlierc and 
when (Ui> I’rtcmy could be best uttacked. An esentiat principle of 
ttiis strategy was to evolve a single plan of the campaign, with a 
view to ertenuinating locust swarms wberever this can be dune with 
the maximum effect 

In planning the campaign, it was essential to make full use of the 
fact that in many of thn affected countries there existed efficient 
local entomological organisations. Such oTganisations in India, 
Angtn-Egy'ptian Sudan, and the British Enst African cotonios could 
U relied upon to organize locust control in their own territories, 
within the framework of lUe general campolgn. Some of Llieni went 
fiiHlier, ami generously offered their assistaiiFO to tbs surrovmding 
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territorifis. Thus, the Sudan supplied petscmnel und bait for Arabis; 
India sent a trained staff to help in Persia and t^inn \ Kenya has 
undertaken to supply bait lo tlio territortes of the former Italian 
East Africa, etc. In Persia where local pcisojuiel was cnmficinnt to 
deal willi iho situation, Uie exU'iil of tlie (ijioratiaiia required was 
too great for the local resources, and Britisih, Todian^ and Soviet 
Governments enme to tlieir assistance b}' providing udditional per- 
sonnal, motor trunsport, bait, eta. 

The chief problenii however, remained that of Arabia, u vast aub- 
centinent devoid of conununicatiuns, with a sparse population, which 
has little interest in locusts as agriculture Is practically noneiistenL 
On the other liand, th is is one of Ibe moat important locust‘producing 
areas. Fortunately, must of the peninsula is under the rule of King 
Ibn Saud who Is keenly intoreeted in the development of his csuntiy 
and ho not only agreed to admit antidocust missions but offered ready 
ussiKtance in (heir work. Small motorized anti-bKUst miasions were 
sent to vuriftusi parts of Saudi Arabia and Oman in 194S‘43, moinly 
for the purposes of stiidying the conditions and acquiring experienco 
in desert warfare against locusts. The next winter {1013-44) it 
became possible with the as^statics of civil and military authorities 
to send into Amhui several weJl-oquippcd mis^uns, eomprising over 
350 motor vehicles and neorly IftW) men. These misfijons were dis¬ 
tributed over all tlie most iniporlont lociist'brecding areas and have 
accomplbheil n magnificent piece of wort in spito of many and various 
difficult test, Mofit of the personnel were British, but it included also 
Americans, Egyptians, Indians, Palestinians, ond Sudanese locust 
officers and teclmical ossistantSi The whole exiti-lwiiEt army was 
lochmcally directed by the Cliief Locust Officer (B. C. Maswrl! 
Darling, later succeeded os Senior Loeuet Ofilcer in Arabia by B, 
Vesey*Fitzgerald),8nd varUuisdetachmcnU kept in toticli by wirele«H 
Many thousimdii of square miles of territory, sume of it nerer before 
visited by EuropcatiB, have been effpctivelr cleared (by poison bait) 
of hicusm, which ware killed in qnantitiea defying all eatimarion. 
Apart from the immediate achievenicnt in ledudng locust hordes, 
which would have invaded the adjoining fertile countries, the Ara¬ 
bian campaign had a great propngaiida value, diowing the poptilaMon 
that locimts, which used to he teganlcd a^ AIIbLs viaitation, can be 
killed and crops saved from tlieni. Theaa crops may be few and far 
between, but this makes their local value oven greater than it would 
Iiai^ been ebewhere. Tim campaign has also deinonatrated ton riu- 
cerity of ptirxHiae of the United Nations In sending the enti-Iocust 
itii^onir. For those who conceived the idea of (he Arabian (‘unqiaign 
and who pariidpated in planning and in carrying it out, it was an 
enconragemvnt to see tliat, os it was hoped, Jocuals can be beaten on 
their own ground. 
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Atiti-loruet ainipai|mB on a suulIm' had U» be drganizod abio 
in East Africa, wliere iqUjiairy autfaoTities reiideteil matt valnable 
help triUi regard to transport and personnol, ^hile the Eoyal Ak 
Force traa everywhere playing tta pan, helping with eotumunicationa 
and traiEopoti. In ardor to eoorcUnaU) operalioiui in all Britieb terri' 
tories and the occupied Italian onCfT, an East African Anti*l4X*ust 
Directorate was established at Mairohi. In Eotiya elToris on a par- 
liotilady great scale have been made, with tlie resitlt that the agricul¬ 
tural production of the country, which has greatly increased during 
.the war. has not enlfcrcd to any seriotis eatent. In the paift, locuet 
invasions in Eafrt Africa often entailed wholesale rlestnietiun of cropii 
and famine resulted. 

A gallant fight has been put up by India, where great dilBcnlties had 
to be overcome in oilier to centralize the dircctinti of the campaign, 
eince locusts were supposed to li« the reapotiaihility of each sepnmto 
provincial governmenr., n<Tt. alt of which were equally alive to tho 
danger. However, good progresis hna been made and in 1D13 a great. if 
temporaty, victory over locusts was won in India, which by tlie end of , 
the year was clear of swarms, but become reinvaded from the west in 
IJil-l when again n piiocessfid catniwign was carried out, Tliis rein- 
imnoji sarvetl to anderline the fact that noeounity can hot»e to arhiove 
a Insting sucriess by ita own diorts alone, htit all have to work together. 

Ethiopia presented a particularly dilficuU problem. Aa in the case 
of Arabia, many parta of Erhiopiii tfcrve for the production of locust 
swarms and it was impossible to eatpect that they would be controtlcd 
locally. Moreover, previous knowlodjm of Ethiopia in reilaiton to the 
locust pi^lem was extremely meager. Therefore, a ^lecial miaBion 
was sent lo Ethiopia in BHS with a view to invcntignle the situation, to 
organize regular hKUst information service, and to work toward making 
I he authorities locust-conscious. By I &44, it was pomihle to report es- 
ceilent progress in all tliese directions, hut there, remained still targe 
areas where locusts continued to breed but whore It was impossible to 
organize tlicir cHectire control. These areas of Ethiopia, o.^ well a» 
Yemen in Arabia, so far remaiit beyond the general plan of the cam¬ 
paign, hut in bt)th countries there are hopefnl signs of Improvemont. 

The organization of a series of campnigna of such magnitude would 
have been impossible without the ready cooperation of all gnvemmenta 
concerned, and of the many civilian, militaiy, and air autlioritiea of 
the Allied nations. Special credit is due to the Middle East Supply 
Centre, an Anglo-American re^onal economic organization haaerl in 
Cairo, with ramifications over tiie whole of the Middle EasL That 
Centre, advised by the Chief Locust DiBcer {R. C. Maxwell -Darling, 
succeeded by O. B, Loan), has undertaken to shoulder the heavy bur¬ 
den of organizing and adminioteriiig the campaigns in Arabia and 
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P^rsiH, Ajtd anuli Mjcceesefl «a have been Achieved Ate Ur^ly due to 
the efilcienc^ of the nuichiiiery whieii had to tmudate into actioa the 
(dan!) prep A red by experts. 

The tnvnsioii area of the desert locusts however, ia not restricted to 
East Africa and the adjoining pnrtA of Asia, but extends across the 
French West and North African terrilories. Hiere the organixatioa of 
control is itt the hands of French autharities, and the Allied Oovem* 
nienfs are on]/ rendering assistance h7 sapplies uf poison. French 
experts and the adminislntion are faced wiili enormotis difficulticfl 
in organising their anti^locust campaigns, bnt their efforts are meeting 
witli considerable sueecee. Great pro^'ess in the antuloriist oTgontxa- 
tiun was marked by the establishment in 104S of the Office Naiional 
Antiacridien at Algiers. This office, directed by the oulstandiiig locust 
eiTwrt, Dr B. N. ^lotarevahy. aims at coordinating ant t-locusL tueas- 
tires tbmughoat the French African temtories. A continuotis work¬ 
ing contact b maintained a-ilh the Anti-Locusi Seeearch Centre in 
Ixiiidon, and in this way the unity of the genera] pjan is enanred. 

The great series of otiti-lomst campaigns just oiitliTied Is far from 
being over, and it is too early to claim their success. Nevertheloas, it 
is significant that, with the invasion in its fourth year, no scriona lofflce 
of crops occui^ anywiiere, in sharp contrast to wjiat liappencd in 
the past invasions by the desert lacust. Great efforts were needed (o 
achieve this reaull, but their cost must be regarded in rebtinn to the 
losses tliat appeal^ titiavoidiibie. It should be clearly oniierstood, 
however, that this snecess is only a temponwy one. and any relaxation 
of effort would lead to a disaster. In fad. the year 1944-45 may see the 
peak of the pirsent invasioit which will probably continue for 3 to 3 
years more, and tlie campaigns will have to go on until tha danger is 
avcicome. The need for protecting food prodnetion in Africa and the 
Middle East was particularly urgent during the war, but it would be 
a poor introdttetion to the p^war world if a fatnitie were allowed to 
develop on the conclusion of heetilities. 
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iKTBODCCnON 

The codling (ooth^ Ctirpoeapsa p&tTionfikt L., ie a oonapicuuoB e^oini' 
pie of on Insect species that lias be«ti able to maintain itself as a 
destnctiTo peat of apple otebattje for more than a hundred years in 
spita of the continuous development and improvenumt of cuntml 
praetJeea. Forty or more investlgatorB employed by the United States 
Department of Agriculturet State agricultural experiment stations 
and other State agencies, an<i insecticide companies, ace now devoting 
alt or a cotisideciblu part of their time to thia problem, and progress 
is constantly being made in the davelopmeut of control measuret;. 'fha 
literature lias liwomo so votuminous that no one potaon baa ever re¬ 
viewed all of it. Tet with all of this progress the iiiaect continues to 
cause scriutis losses to apple growers. Sinoe similar trends have been 
exhibited by certain otlier insects, a review of itie evolutioii of control 
measures for tlic codling moth, and the conditions that tiave permiUed 
the iiiKHt species to maintain itself in spite of these cuiitrol turasuree, 
may be of interest to students of insect control problems. 

UlOLOCy OF the OObUNO MOTH 

For the benefit of readers who are not well acquainted with the 
codling moth, a brief summary of ita sefleonal history will be given t 
Tbe c^Ung moUi passes the winter as luH-growu larvae in cocoons, 
in crevices in tlm bark of the tree, under loose flakes of bark, in debris 
on the ground, and in similar places (pL 1, fig. I). In early spring, 
as tbe buds begin to push out, the insect chsnges to tho pups (pL 1, 
tig. t), or stage in which tbo tratisftKrmstion from larva to adult moth 
takes place (pL 1, fig. 8). The first luoUis appear about the time the 
apple trees eonie into bloom, and aiiorily bc^n to lay llieir white, 
scalelike e^ (pL 9, fig. 1) on the leaves, chiefiy around a fruit spur. 
Later many of the eggs ore placed directly on the frtiil. Tlic newly 
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tintched lai-rju! ntuk^ way to the fniiE, unless tlic egjfs weir nl-> 
ready tharc, chew their way in, and feed on tUa pul]> ami saexls until 
luatura (pL i. fig. 3J. During lha first part of llw seaauu tuaiiy of tha 
worms antar llimugh Uis calys, or blosstnu end of tha fnjit; tator most 
of Uiam enter liia fruit through ilie aide, The miidmutn timro required 
for a cwnpltite Ufa cycle under the most farorahte conditions is ap- 
pruaitnately %lay9. 1 he number of geJierationa in, h season nutges 
from one, witJi a negligible fraction of n seooud, iu the tuora norUiaru 
uppb'gro^ng secliona, to tJjree nearly full generations and a part of 
n fourth, in the more southern localities in wliidt apple are grtJwiL 
In favorable senaona in auch localities, the worm jM>puUtioii in late 
aujiimer reaches troincndous numbera. In iinsprayt-rl orchards thare 
may bo five or more worms in nearly every apple, and the crop is com¬ 
pletely riddled; in many reoaonablT well'aprayed orchards loeaes of 
Sib to 30 jierceiit are not ancon imom Although a few growots luav 
snouoeii, worm contmt is an uptdll fight undci- such conditifinBi and in 
certain tcicalitiea in which such coudilions axhii, apple prodnclioii has 
under gone a serious daclina 


CONTIIOL nr OnCTETARD RAX lTATU fty 

Until late b the last cenbty, partial controj of the codlbg moth 
waa Bccompliahod by various practices which are often referred to ns 
orelianl sanitation,” inctiiding the trapping of tlw mature worms 
under bands. 'Dw! early writere Tccomtnejidetl tlie removal of Inoae 
hark from the tree trunks, the destruetbu of rougli ground dobria, 
and the removal of dead wood from the tree, in order to destroy the 
uiaects in their bibemaUng quanore and i-i ellniinaie their favored 
cocooning pfacea.^ Tlie removal and dv&truction of infested fruit, the 
screening of pookbg aheda, and similar mcoirnrea, were also suggested. 

For the puqMisa of trapping the worms, a niiinhor of ingenious types 
of bandy and otlior traps were developed during the nineteenth can- 
tury. Banding wos firet wiBgcrted nljout the middle of tJjc century 
(Burrelle, ISiO). Quo of the bajids mosl widely used for a time waa 
.1 hay-rope band (TrimbK isee) (jrl.B). After a few years, however, 
Urn type of bond gave way to msloriaU more ranvenient to uao, eucli 
as h.wvy wrapping paper, burlap, rativaa, .,r flannel cloth. Some 
growere who used the cloth lainib killed the woma trapfwd hi tliem 
hy running the Uaiiib through a cloUtes wringer, monnbd on a wheel* 
barrow for convenience in ojieruting it and moving it from tre« to 
tree in the orchard. Then ifiera waa ibo Wier diingle trap which 
™HBted of Uiree shingles placed on Uia tnmk of ibu tree, and bald 
just for enough upart to fumiali an attractive cottnitiini; placa. Hie 
worms were kiLledUy rubhiiigonealiinglr agaim^ another, or by Bivlug 
tho whole dusvicc ti blow witJi i liiitiiner. 
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Witi» the advent of spraying, the control meBSures just outline^— 
banding, the scraping of toc^ bark from the tree*, destruction of 
debris, and simUar practices—become supplementary or were dis¬ 
continued entirely- About 15 years ago, Siegler and asocintes (1027) 
devised a chetnie^y treated band wliich auCon>aticaIly kills the vorms 
that ctJter it, Sndi Iwnds ore now used by many growers, A revival 
of the various sanitary measures look place from IftSfi to when 
cutties with tiifmy residues were the m<«st acute. The us© of such 
measures wa^, however, Jit ill looked mi os sccoudaiy and supplempttlary 
to spraying. 

The predominant development in the codling tnolh pnAjlctii lias 
beeii tlie adoption and evoitition ol spraying. 

eVOttmON OF CONtmtl. BX SPSA.XINO 

tu 1S7B the control of llie codling moth was oompleteb* changed 
by the discovery made by two Sew York State growers that the 
recently developed uise of Paris green against ranker worms was also 
giving control of the codling moth. TTiis was reporiwl the following 
winter (Woodward, 187D), and in IB80 there were conducted in Michi¬ 
gan the first ofllcial expennH:nt8 with an iireenical, known an London 
purple, for codling moth control (Cook, IfiflO). Hie fayorahle resnlte 
obtained stimulated csteiisive i* 3 fpcrimenta elsewhere with both Paris 
green and London purple. Etirly in the tin'cntieth century these ma. 
teriols gave way to lead arsenate, which in a short lime became the 
standard material for cwlliiig moth control. I-^id araenaUf was first 
available an a paste, often prepared by the grower himsel f from sodium 
anenuto and lead acetal© nr lead nitrate. Soon, however, lead arsenate 
became commercially availoble in a powdered form, wbicli rapidly 
displaced the paste material, because of greater convenience of han¬ 
dling. Tha effoctlveriees of lead nrsenats has been further Iticreosed by 
i.I» use of various attiessHiry materials, such os fish oil or mineriil oil 
emuhuon. With certain occesBory inaterinls the lead areeniita con- 
tiiines to tmild up on the fruit and foliage with prolonged spraying, 
instead »f leaving the tree with tlie run-off. 

Tlio spray programs fallowed by growera have also undergane a 
marked evolutian. At first many growore obtained saliafaetory con¬ 
trol with a single spray, applied just after Iho petals fell. After a 
few years, however, the need for more spray applications tluring die 
seofion beomw evident, and now many growers put on B lo 10 or oven 
more applications of spray for codling moth control. Many of the 
State collvgea or experiment siatloiia regularly fumiali the growers 
with current tiifonimtioti on codling motlt development during the 
voasDti, to aid them in the timing of spray npplicattoiiR, The use of 
trapB conlainihg baits of fermenting (*tIutions of low-grade sugani or 
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often eitded eromatic chemicals, althongh uol accoid- 
plisiiing their original purpose of direct csontrol, have been found 
valuable tiida to ths timing of spray applications, by giving informa¬ 
tion on moth activity and. abundance In the orchard. 


SPRAX-EZEITIUB PBOBLEM 

In the earliest omcial test of araenicaJa (Cotdt, 18fi0> the question 
rf tfw effect of the materia] on (ho consumer was oonfliderod. On the 
basis of analyses which were made at that time, the conclusion was 
readied that Ute quantity of poison that could be carried over to har¬ 
vest as I result of the spraying was inaignificont. With the type of 
flpmyii^ that Was done in the early days this was probably a correct 
condusiOT. However, as the number of spray apptientiona increased, 
along with increases in the strength of the spray mixture, and in the 
number of gallons applknl pr tree, the tpiantities of lead end ai^enic 
on the frmt at harvest constantly iacroased The qui«titm of dan- 
ge^us remdiies was raised from lime to timo but it was usually dlO' 
missed with a statement that it would be necossary to consume in 
impaMihly great quality of the product at oua sitting to obtain an 
injurious dose. Daring all tbis period the acute toaticity was the only 
conademtton, but in tlie early lD20’s tJirre developed « reaiization 
toat the on of lend arwenato spraja had increased to 11 point where 
^encan fruit was canying quantities of reaidtte actuailv or poten- 
tinlly dangerous to human health from a cumulative stendiwmu The 
aituattou was crystiUiaed in 1936, when British haalth aiithoriUos 
rejected alupi^ta nf American apples txwause of eieesaive aisonital 

followed by appropriate action by the 
Uni ted_SUtes Dcpartnmnt of J^culture in ewTring out its responsi¬ 
bility for the enforcement of the Food and Drugs Act. niis action 
cam^ consternation m the apple indmUry, hut fontmatelv effective 
washing metho^ and maehiiifiry were promptly developed for re¬ 
moving tho f^uo before the fruit is marhetw], which has permitted 
the continued employment of lead arenute until other lew olnection- 
ahle insecticides or other mothods of control ore developed* 


stiL4Scii run xi-:w rKaBcricnoEs 

Tlie di^iiUia witli spray reriilues and with worm controt in some 
^ intenaive search for belter ami less objec- 

t^ble ins^ictdes. TliiB wareh has already prered produrtivo* 
■? Nortliwest, although it ia umlepoud* 

W inxoWtsi something of a spniv residue iwh- 

^ and m many cases washing the fmit is nocesaity, Nicotmo 

parte of Uie Middle l\cst and is used to a eoiwidenihle eitent there 
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and elsewliare. N'lCutinD sulfiito H'lth oil ie liki^wLBc os^ In some locati- 
ties. PhenoUiiadne^ very fijiclr grottnd, has giveti outstaiidin^f 
control in tlie Norttiprcsi^ but lins not cocnc into conunercLBi use be¬ 
cause of the iinlavornble effects on the fruit end on orclierd wcirkriien, 
and because of oofft. The mejat recently diBcoreml material ia DDT 
(S^-ijla(panchIoropitenyl)-l^l,l'tHchli>rciethuie) which tnay outstrip 
alE the othere, altliough a fimJ decision on its ultimate usefutDe^ con 
be made only after mors extensiTe tests ha%'o indicated its effects on 
tlie consumer, on orchard workers, on fruit trees, ami on tiie beneffeial 
inwcia iLul aid greatly in loeoput^ orchard within iHiutids or 
that provide for tlve polIiiuitioD of the fruit. 

DfSVEl.OFAlilh'T OF SPRAT IJACfUNlvRT 

Along" with tlxe evolution of materiata and programs for codling 
moth coutrul has been the dovclopmcnt of epruy machlEuiry for tlie 
aptdicatioii of tJie infiectiddea. The original hand-uiieraled, back' 
hiWking barrel pumps soon gavt^ way lo crueje outSte 

(pU. 4, S). Power spraying squipmont has b«m steadily improTed, 
coincident with the developmont of the nutoTnobUe and airplane. Tiie 
grower now has his oltoics of stationary sprayers, w^hich pump the 
spray mixtures fnim n coulriil plonl through overhead or undcrgtWncE 
pipes to outlets placed ut suitable intervals through Uie on.‘imnl, 
standard portable rigs (ph Bg. 1), or the recently developed oir- 
blaht type of sprayer {pi. 0, fig. S), which delivers the spray hy means 
of Uie hloitt from a propeller dtnitar to thoee used in airplanes. 
Present-day etandard spray outfila give pressurea up to TOO or SOO 
{xmnds per square inch ami wilt didiver ^ to 00 gallons per minute or 
more. A number of men can spray ut tlie aaiue litiie from the laiger- 
capaeity stationary aproyera. 

CONTI SUED DIFTlCUlTIEa IN OUSTBOL 

With the development of improved spray materiah and mixtures, 
high-power, large-eupucity spray machinery, and earefutly worked-out 
fijfray programs, which all togeiher result in spray deposits on fruit 
and foliagu that would Imre been nniarlmvable flO years ago, it wouhl 
bo natural to ex^wet u corresponding improvcniimt in codling moth 
controL Actually, howevi'r, nothing of the kind haa occurred. Al¬ 
though in most orchards tiie growerfi are obtaining a rcaaonable degree 
of uuntrol, thoro is nu indication that lite worms are any less abundant 
or (liHttruetive than tiny were PO years ago. In fact, in some areas 
tlie growers arc having more difficulty than ever before in controlling 
the woriiis. In sudt areas, In wbidi condJLjniia favor the insect, 00 
or 30 perctmi of tlie apples w of tan wormy at harvest time, in spite 
of the making of 0 to 10 spray applicaUuna during tlie season, and the 
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UJi^ of sujiplfimeiilAf^ oontnjl moasures. It is tliercfunQ cvid<>nt tJjtii 
the codling moth, iMtead of teing n more or less fised qimiitiiy, iiad 
subject to reduction in nutiibccs, us cDncitil metliods linvc biyin im- 
proved. Iiss undergone an ndepUtion orerpliitjon that iurn ijenuitted 
the ifisoct to hold its owu or even to incnaise in numl)cn Ui spite of 
men's offarla. 

CBAJiGKft IN CONDITIONS 

First, til* standerde by which conirol is judged have been mtHiiricd 
from time to time, iVitii the trend toward tlie concentration of coni' 
lUDfciu] sppto production in sreos J«mote from iiiarkcte, only high- 
grade fruit is wortli ihe cost of shipping Jhoiiaanils of ^les, und in 
Eueb areas modvratcly Injured fruit, wliitdi In localities nenr the con¬ 
suming centers mig^it bring fair prices in local marhets, is now ii total 
loss. Also, the American public demands s higher standard of per¬ 
fection in its fruit products than ever before. Tliis all means that our 
standard of satisfactory control is much higluir than it was fiO 
years ago. 

Many of the priietJoas adopted by fruit growers have given advan- 
tugea to (lie codling moth. Apple production has passed from small, 
isolated fam orcliards to more iutnnsive production in limited areas. 
In then neu’er omas conditions are sometimes eqiccialiy favorubla for 
the apple crop, but in other case* there has been eitensiva promoiiun 
of apple culture nuuidc the range ivithiu which the apjde woidd nor¬ 
mally thrive. In eitlier case, this trend has been an important factor 
in favor of tlio worms. With on abuiidanoe of its favored food avail' 
able ill virtually wntiimwis, exHausive acreage, with improved variel iee 
and (mltural met hods tlial have to a certain extent, eliminated the 
bi^nial bearing liabit tlmt dtoraeterised many of the older apple vari- 
sties, a factor Uiat autetuaticaUy held the codling motJi population at 
a low iwiut, it is not aurprislng that the present-day grower has to 
deal with a more numerous population. As them areas have cotiut into 
full bearing, the mature trees have often Kachocl eueli gfae that spmj 
oov^erapi been poor^ 

The baiicefa derived from the extenaive use of inseeticideu have un- 
ciuubtcdly Iwji ofet to some Client by dieir iinfavorabln effect on ihc 
aliundoftce and uctivitiea of paroaitea and predators of the codling motlb 
Kvidetic* liUiS been obtained in New York Stato (Cox, ItMId; Collins, 
tliat one of the moat important larval jwraflites of tho codling 
modi, namely A$ccffaai^ giuidrUUnmu* Wfiam*, ta adversely affected 
by load ar^imte and tJiat in sprayed orchards the pomentage of para, 
sitizatioii is less than lialf of that existing in wnspraved oreltardt It is 
not at all improbabk tiuit tlie uffectivone® of oUwr' pm asites and [«r- 
tmpa fa also vary much reduced by th* continued ijav of load 

aramatc. 1 Ins factor may have been an importofit one b permitting 
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crodling ntoth {Mpulntions to get out of hind in certain locfttUiet;. 
Closely related is tlio effect of other preseiu^ilay orchard practices on 
the puit£il» populitJoiu It may well be that the mteusin; deott-ciib 
lure or corer-ciop fiystemn followed in miny moderti orebardi may 
bare etimiaatod many of iho ol her hoeii of tlie common parasitee of tia) 
codlioj'inoth, thits cnmiiig the lioliticv to swing in favor of the codling 
moth. 

ADAiTATjn?t ON TQi: TAtlT OP TKS I'CntJNO ilOm 

Tlicr fndors juBt otitlined, however, arc not mlHderit to explain the 
marked inermeoB that have develops in the ability of the codling 
moth to Ehrivo in the presence of beavT dopoeiti of land arsenate. 
Some change aecnxs to ho taking place in the tneect itself tliat ia modi' 
fying: ita ability to enter fruit in spite of lIhi presence of a poison. 

Tlie moa extensive saudy iiint lia.^ Uirown light on this pnsblrm Uai 
been carried on by W. S. Htnigli, of liie WinrJwaler field laboratory 
of tha Virginia A^ciiltunil Sipcrimenl Station. Hia earlieal. wcti’k 
(Hmtgli, 1929 and ll>34) included a comporiiion of cotUing inotlt stocks 
from near Grand Jonctiiin, Coto., wliere the insect had become nolon- 
oualy difikult to coniroi. with acocki from Virginia, whoro control %vaa 
much eaaicr. Dr. Hough sliowed limt newly hatched codling moth 
larvae from Colorado stock wert nhle succeaafnily to enter fruit heavily 
sprayed, with lead arsenate to the extent of 15 to 40 percent or more, 
whanraa tJte proportion of naGve Virginia larvae entering aimitarly 
sprayed applea woe usually less than 5 percent. Further, this differ' 
ence porsisted throqgh 14 or more generations reared in the insectary 
under Virginia conditiona Crosses gave Intcrmedi ate resultB. Hougli 
later (194^) found that Virginia larvae from atoeka from orcliards 
having a history of i ntenaiTe spray programs wore able to enter sprayed 
fruit in mudi greater proportion than those from un!tpnt.y<d or poorly 
sprayed orchards. Strains from vonom Virginia orehaidi fed through 
aiicceesive generations in the insectory on sprayed fruit became differ^ 
entioted from the paient strains, and showed increased ability to enter 
sprayed fruit Steiner and aasociatos (1944) have shown similar 
wide differences in. codling moth atocka from different orehaids in 
the Ohio Vnllcy with rospect to thmr ability to enter sprayed fruiL 
Both of thOGO investigators have found that thiR condition ia not re- 
fltricted to lead arsenate, hut tint differenMs, although not mlwaya ao 
wide, exist with respect to other ineecticidjea, including nicotine ben* 
tonite and cryolite. Hough ha* readied the conduston tliat those 
differenocB are due to differences in gonEraJ vigor, but. Stoine^^s oliKcr- 
vatioua have suggested that they may result from differences in habits. 

Both of these workers Ixiiiov* that the different strains have been 
wgrtigated by thp elimination of those hirae that have the least 
ability to enter sprayed fruit, rather than that tndividuils have be* 
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ooine Immuiiit or rewstAiit to fp«J5c compouiiib will that ijudi iiiutiU' 
nitj or results hce tias been truiuaniUod to tlieir oflcipiHng. 

increased abiiitj? to snrriTe in qiito of insecticide treatment baa 
been exhibited by n number of djfFerent insecto, tncitiding the Cali' 
fornia red scale, A&nidieUa auraniu (Mask.), oertain strains uf which 
are much more reaistaikt than others to luiuigation with hydrocyanic 
acid. The tendency lowanl the segregaliuji iif races a'ithin economic 
species Tias been thoroughly reviewed by Smith (tMl), 

The evidence just cited indicates instead of rnneitiing coti- 
iitnnf and static while the evtilntion of control measures was going on, 
the codling moth a» a species has undergone considerable adaptatton 
or evohKinn on its own account in tlie direction of greater ability 
to survive in the preBeiice of i ruHctictdca. The segrogalion of resistant 
siraiiia, together with ceftain practices on the part of the fmst indus- 
try, have permltled the insect to tnaintAin its position aa the most aeri- 
ooflly dealrttctivfl pest of tlie apple in h-pifej of the devclopitjcnt of 
control by insecticides to n high degree of elRcieiicy, at least hi the 
application and maintenance of heavy depotiita of insecticides dutitig 
tJie periods when needed. The codling motli is only one of tiia several 
tnsict pesta known to hai’e undergone devetopmeat in this general 
direction, and many other iiuccts may bo doi’alopt&g in a similar 
way, but at a slower rate, It is evident that ultimately tnaoeticidea 
or other control roeastires that are less selective in lliefc action will 
have to be used for the control of the codling moth, or perbapa the 
problem can be solved by occasional changes from one insecticide to 
another that is selective in n different way, Whatever the eventitaJ 
snlutton of the probleiBB that have grown out of the evolution under¬ 
gone by the codling moth, the eiitomologista will undoubtedly be able 
to meet this challenge to their ingenuily and resourcefulness, and 
any solution of tliis particular problem may point the way to meaim 
of meeting similar probloma with other insect peste ea such problem* 
arise. 
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TLts pnpor might be called s sntdy of equipment erw—or the inter¬ 
acting iuiliHSEces of equipment and cnltare m certain cnvironinontfi. 

Man ia a toohusinig animal^ and there Is a lemlnncy to confix the 
results of mental or personal quaUtlss and the results of the equip* 
ment Uiat «e nuj have at iiaiicL Consider fetr a momeut a group of 
Eunrpean primitives, eo-oallwl) who left cultural and skeletal r eniains 
in caves of France some SOjOOO yewre ago. Anthpofxilqgisla have 
iiiunetl thetn Croniagnon. If they were living today most of u*» 
would doubtless call Utem laivagesj regard them M inferior beings. 
Sir Artliur Keith tells ua that Uw CroroaiEnoiis had largijr bmin pans 
titan we have. But we of this genofiillon have Inherited agriculture 
with its crope and boasts, also onginea and mnehincs, itanejifirt and 
buildings, and hooka, the master tool, (he mother of tools. 

It is easy for nt in our inherited cuttuml riches (o lose sight of the 
scanty cultural inheritance of Cromagnon maJi, He and his parents 
were living in the eoiloctor stage of econoitucs. He plucked his living 
from the natural environment with the aid of his fingers, toes, and 
teeth, and with equipment of wood, fire, flint, shells, bone, sinew, wtd 
skiiui—Stone Age wo ail I it. He at« everything that was digalible— 
licast, birds, fish, reiuile, and inwet, seed, leaf, aiian, and tiwt, wid 
{>onictlnies the neighbors, but that was usually cercmoiuaL He prob- 
nhiy Hved a life filled with terrors and wliat we would regard os 

impossible hardahtp. ^ 

It la one of tlie greatwrt achlevcaionts in human history that bione 
Age man made some sort of living in ovary coni ioent except Ant* 
arcticu. Archeologists and anUiropologate trace Stone Age man from 
shores of the Arctic Sea in Greenland to tlie chill and reeking wet* 
nessof Tiem del Fuego; from Alaska to Newfoundland; from Gihral- 
tar to Kamchatka; from the Siberian Tnndre to Soutli Africa, Taa- 
mania, and the far islands ofthe Pacific. StoneAgeman made a ilvi ng 

iaiTpTiDr*4 Sri>*f»l»*an w *wniMn «) 

Sa. Ko. a a«ptBnb«t IIHS. 
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ia erery imporUmt type of eDviroiuDGnt tscept the glacial ioe Cftpj lie 
was even foiind IWiag cheerfully at the Tery foot of ihs tea difla m 
Greenland. 



Not only did Stone Age cuui tnoke a living, auch oe it was, In erenr 
tyi» of anvironment—he and Urt women sttpported their offspring, 
mamtained the ca«, formed coromunittm, developed roltss of eondurt 
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(Uw5 If ,v<w like), unci oraiud « llterAtutB in the fortn of folklore. 
11)^ struggled witli extertinl luiturei end, like the rest of nionldiui, 
with hunuoi tuitaxe. 

These nten end women in the amok; cere, the pit house, the akin 
lent^ or m«ret; steeping in the open hy Sn or without it, were vexed 
by two problems lh»t vex us today—the struggle for pofisessiotis and 
the lust for position, preferment, power. 

Howard K. Brinioat a living Quaker writer of disiinctioD, says: 
“'Every one has within himself, a potential Hitler as well as a potsn* 
tiiil Sh Francis.*’ 

With these two typos In mind we should note that man's progress 
depends upon iwo —drst, keeping down E>)s own potential Hit¬ 

ler, with llte aid of etlueation, morality, and reiipon; and second, 
hghtiiig down his neighbor's Hitler. Controlling ono% neighbor^ 
Hitler presented n social pmblent, and for this man prohabiy was 
forced to invent government. 

In the Stone Age, as now, the external Hitler tendency, the bully, 
had to bft kept in check. Control doubtless began as family llghte 
and grow into clan, tribe, and other forms of group control. Hven in 
prehistoric times, government, fonnal or informal, developed in aJt 
climes, in all societies, and in well-nigh myriad forms. 

When man lived by collecting, only a few ijcoplu ctmld live logether 
in any one ploce- Population per aqiitra mile was limiUd by the 
nmuimt of available food. One group could force another group out 
of liunling grounds, but one group had difficulty in governing other 
prouiJsi. 'Hit! politkal group, if one may use the word, woa sroalL 
Although government may have been invested only in family, clan, 
or tribe, or in a villngu group, primitive gowroment nsunlly was 
inclusive in the scope of itit control over individual freedmn. Have 
not the eiders of all generotions said, **\Vo do it thia way|’f Anthro¬ 
pologists are eiripbitic concerning the ootiservaiiroi of primitive man. 
That is certainly one rcjiaon why the Slone Ape lasted so long—long 
enough to achieve its n oniaimg uniformity of tools and economy and Its 
ttorld-wido distribuMon, despite diflkultiofi of troraL 

Many anihropologisto belieTc that this almost.ilatic period of human 
history may hove existed fw* 1500,000 years since our aiicesteta ^ 
Itegan to use tools, and year by year the ujithropoli^sts are lirngthaouig 
tins period. 

A new era began with the use of dmnesticated plants and domesti¬ 
cated animala Wlien aomo 07 or 08 piirccnt of the half rnimon yoaia 
of human histoty had passed, perhaps 10,000 or ISJMO years ago, 
changes Legou to liappen. Men and women, or perhaps we should say 
women and man, be^ to plant seetl and to grow and cultivate cropu. 
It is possible that the period of primitive crop growing ia much older 

AIMOO—IE-Si 
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ttiein that. If 'trns commitn in tpiittn^nts. With a mttm si ah[(» and 
depetidablo food supply, hitman bedngs could fettle down in a rilUgis 
for most of the rear, or eTCQ, in mre instances, for a period of rears. 
Soii exIjaDStion usually brought declining yields and a new patch was 
brought tmder cultintion. This process was repeated until Snallr the 
eutire vilTaga had to amve to fresh laud. 

Patch fannlug was a great improroment over the collecttug economy. 
Tc pvmiitted a larger rillege group and lesened the need to move from 
place to jdare. Fateh finning gire new Icbrure, more time for mind 


Fwma £—ThI* mnp tnakn It eailofr ta cmiilili^ ibc ihniie Talley cultum aa onp 
clrllluUun. Witj jhu rail tt ibu Jrriftilwl Valter ClTlIlantlont Arnwa tanw 
llic tralla vt cuUiire idenioata to CSiliiii. (irrw. and Uir In nil of tlm Hlltll**. 
IBaiK man copy riant by Bmiil UcNaUy A foiupuiijf, fJlik-A|c<x| 


to play upon mind. SeTertheleas, the problem of eoit fenllity usually 
kept the settlement from becoming a large one. It also prevented the 
group from remaining at the same pUcc for any groat length of lime. 
These coudidon* existed on most of the soii areas of the world. 

Patcli farming was followi;*! by the domestication of atiimaU, esj*- 
dally in Egypt, the Jfear East, and Central Eurnsia. The tough 
shoulders of tlis ox and donhey hegan to drag man's burdooB for him 
some tt,0W> years ago in Mesopoiamia. The eliocp and goat gave ^in 
and flesh hy herding mitoad of hunting. Ttiesii aoimala also pa ve niilk, 
as did tho row. The tamed iiffspHiig of the wild hoar gave roait pork, 
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«Dd the hen iriirf egps ’witlidut uun havlRfi U» 8*>ek the iwsts ef wild 
birds in the farest, llte new «i«r(niinent prcduced by the stimulus of 
crops, doniesiic onimaU, and larger residence groups »a«» U) liarc pro¬ 
duced & mental eumncipatioii that gave new fracilom to the mTentiTO 
type of mind. 

Ji I«5W EUA, ON UROKR HCitAN OROOPS* HAD ETS OEIOIN IN 

the PERUANEST FT^BTIUTf iTHE IRHIQATED VAU-KYS C*F EQYFt. 

MEMJPl)TAlltA. AND TlUt INDUS 

In Egypt, Siotic tnim found that the rectirring floods fcniiused 
hia land each year with a thin bnt rich crust of tnud. As a lestiU Im 
couJdstay in the same place goneratiou after generation. Largesettla- 
nients soon developed. 

THift i^tts something tww in the world. Revolutions emerged ironi 
it. Gradually many litt le govcmmenls cam* under one rulart the gov- 
f-mmoiital unit grew until finally the prowess of one ruler brought all 
Egyi>t, with il imlliona of pcttpTe, under one governmcnl. 6.000 
«are ih« Nile Volley ha.^ continttoualy BMpi>oned its heavy i»opulation 
iiy iMiuefit of the annual outomatic deposit of mucL 3*li» N^ilc is tlw 
most regular, OKJSt orderly, most easily usable huge river in tlw world, 
It has well iHmitt] the olTectiuuato nnino of “Father KUe.” Lar^ 
areas of swamp along its uppar reachea become automatic reservoim 
that tame the sudden llooiis that trouble the lower valleys of meet 
rivers. 

The fertility of the irrigated lamb along the Tigris and Euphrates 
was replenished, in fioinowluit tii® same way. But, as compared with tlta 
Nile, the Tigris sntl Euphrates are wild and disorderly river*. Tliey 
liav« no controlling reservoirs. Tlie maintenance of irrigation in 
MesnjHjtomia rwiiiired mwri! labor tlion in Egypt, and a continuously 
eflcctive social organrtation was nceossary. Like Egypt, .Mesopotamia 
supported heavy popiilotioiis, towtts, cities, L'ingdoms more than 
years agiK 

Tlio recent eacavat-ions of Blohcnjo-daro and tieighbormg cities 
on the lower Iritiwa show somewhat similar developments abemt tlie 
same time. These three populous vnlhys supported tUeraselw by ir¬ 
rigation on wide-spreading alluvial lands with a dry. warm chninte. 
Man has not yet imagined beOercoiiditioiiafor agriculluml production. 

In iheso hot, dry valleys men lived under tlie conipuLiion of iho need 
to work their crojis in a season of flowing water, and under the tiear- 
compulmon of leisure in the reason of drought. There was also the 
further compitlsion of govpnunienta. Thijsu fwtors of surplus food, 
leiBure time, large bn!tiiir.^i ciiiorijrises, the desire for ^f-eapresaiou, 
and the compulsion of strung government pimlured writing, libraries, 
codes of law*, pyramid*, atid iviupit')*—cultures that were iu many 
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respects much lilte our own. Among fuctore o! prtNjuctioR^ tra ^kiuld 
not minimbe strong guvemraent—wimeBS the pynuaids, i burst of 
wiwr^ covering only 150 yws out of 5^, 

It is now generalJy ogreed tiuit the wheel luid (itle, the cert and tlio 
boMt-dmwq plow were first used aomewhere Iwtween the Potsiim GuW 
and the Syrian shore si or abt>ut 4000 B. C.—perhapa earlier. It U 
further agreed that this important invention was made only once 
in hujiisn history. The spread of the wheel and ule U> all coutinents 
lots been dctmitely traced from (his one sourc& 

Aich^logists are contiiiusUy finding proof that coiiimcrce existed 
at this early time between Egypt, MeBopoutniA, and the Indus Valley. 



rioi!« a—Wbeni cnlceie it, mnttgtiny. lAflw Cwl Blubop^t Wlieat bait 
dlmotle lladtaiioika to Its apirteiL It UoM oat tbrt*e La the wet TntplOi 

I^auae of these exchange these earliest canters of heavy populiUion, 
rities and city culture may logitimatidy be considered one civiliEstioii 
in a a^ siniilnr to our use of the term Weateni Ci riUxattoii. 

This new culture of the three valleys wilJi its stupondous adrunce 
over previous cultures was. at haac, a rasull of the enduring soi) 
erlllity. Pitr tlie Ritit tune m human Ttistory large sedentary popu* 
lationa could depend upon the permanence of their food supply. 
Qeneratiun after generation men could live in tluj eamo place. They 
could accumulate things. They had leisure. When they leaniod to 
write, they soon recorded knowledge and built libniriea in which to 
store iL Tims three dry valUys beemna the cradles of civiSiaation 
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biid finnUy the tenclicni i>f Lite InitaiiD ruUb From thb hiute tiiMj vul¬ 
ture vlmoiitit liuve spread to all |arts of the vorld> It k fortunate 
for those of this genentdon thattthe Mesopotatuians wrote ou endur¬ 
ing tablets of clay. 

Tbeu, os ROW, mea who traveled carried with them tdeos, techniques, 
and various cuUiire Glemente. A utiil of fragments of painted potter; 
leads fnim Shushon, near the eastern, edgo of Mesopotamia, and marks 
the rouil b; urtucb culture elements went from Mesopotamia to Chino. 
Tiitough this dr; land a natural road proceeds from oasis to oosia. 
Where mountain streams reach the plains at the foot of tlw mountains 
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rjDcia 4.-^t»trtbnCton ft the ttsetLon plow before fbf of fllucetwy. (After 
Can Btahop.! TOa piftw bad 'wider rpreed tion wtuot. It wm drawn bjr os. 
btiOalo, and douker, and B e cailnnat ty bjr Lbe elapbaol. 


natural refi^hment stations eilst. No one knows how lofug these 
little Niles have been feeding humanity. These ferule ^ta en¬ 
courage travel across Iran, ’western Turkestan, and eastern Turkestan. 
Thence the trail continues eastward across Mongolia and down the 
IVei Biver nOley, past the pwseni city of Sian and on to the great 
bend of the Bwangho at the southwest oomw of the province of 

Shonai. .. . 

No one knows when culture etements first began to pass northeaj^ 
word from Mesopotamia over these stepping stones of ^is 

seeias to make logical the Chinese claim that Chinese civiiiaatwni 
its origin in the Sian Valley near the great bond of the Hwaii|h*>* 
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This Sian Valitfjr teas liie iircrt pi’tce at which this ranta across minin'* 
tain and desert dphrened cultnte elements from the wcitt lo mon 
tirinje in good farmland. • 

This first center of llic present Chinese culture lied n rnre combina* 
tion of quolitteL There wee enough riin to support agriculture, 
and there was loess soiL Tliis wind-blown gift of deseris that lar 
to the west is the nlosest approach im eartli to the perennial fertility 
of the annuallr flooding river valley. Ltt e former plow the tup fool 
of loes and let the soil wiolt away or blow away, it matters not— 
the second foot is lUji good os the first; the twentieth foot is as good its 
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Fiirtws a — SiiEiva OJiUrUotUoa ot ^ war eliarliM In aDtJqaltr. lAriitr carl 
Bisbop.) Tike wnr cbarldt rune iits- thmi mew, tt ikpcniieO tiihio Ilia 
hurw. tTfae opm treutnnd of ootilna Eurnala and tlie Zurfurlwi tJai# (iwa 11*1. 
9 anil IBI, on erenlUji In tUe raotiDtaliia west of Chins, fernlrh nti ou; lUHOfo. 
WSJ tor nwn ud idea* 


I he second. Here then woe nnother baeia for an ngri culture that 
could endure for centuries. 

Generation after generation of men In the Wei Valley Toesa had thn 
advantages of permaneni fertiUly of the soil. Mennwhilo the mind 
of man was fertilliGd by the arrival of culturel elenjonls from Heso- 
potamin and the stepjws. Still another stream of culture elements 
came to the Sian Valley from India, by way of the Burma Rfiad, 
Sinologists siy that fowls and rice were early arrivala over this raite. 

^da the fertnity base of ioe» vouclwafed by nature, the former 
adopted two fortiUty measures whose oflcctivcnc® fo unrivaled by 
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jiuyllutig optside the thnw grwit viUeys. The Chinese metluicl of 
cailivetiitg rtcs in lite paddy flclda caiuervea soil porfoetly lunl odiia 
k touch uf feriilitiJtg mud. Thp oilier fert'ililyf device is that of ocd- 
tecting human exctwneitt and returning it to the land. 'File CliiDitt 
have systiflimtically applied tliie davin for nitmy centuries U w 
well-nigli impoesible to oTerestimete ita importance os a riicam of 
suppfirt to Chinisae oivtlkedom Thus, fertility, anduTing or pre* 
Mrved, ettmds out as the basis for tlia doreiupmont aud endurance of 
the Chmcse civiliMtion, These factors gave to tbeae people the 
troriihinutiuji of linw and oontinuity atmiliuf to that nhich accompiuiied 
the rise of cultures in Egir[it and Meao|)otaniia. 

The Chinese received many culture aiila from (he outside, but thsy 
devised their own system of writing and made many important inven¬ 
tions o!i the basis of tliair own native wit and the stimuli from (1» 



novMa—Ttw fiurniUin rrMB^lswJ. a» ebowd by UacIilHdeT la 'Dpnmcmtlc 
ami nt-flUtj." Henry Holt k Company. Nett Hu eeaUj ill nUn. 


Near East and India. China may he regarded as one of three suhse- 
ciueiu cultures that Ipanvd heavily in their begtutungs on culture ele- 
jiiwiUi from t li e th roe great inigut ed va) Icy a, 

Cullure elfluumla traveleit northwestward jis trcll as uorlheaNtward 
fruni the tfcnter? of its begiutiiiig. IJeivvceti iSiOO B. C» and 1400 lii 
the Island uf Crelo was ooe of tins most higidy civiUmI places in the 
World, There >b evidnnwi that the pco]il* of Crete learned from tiie 
people of Wffiopotamis by way of Anatoli* and the stepping rtofiea 
furnished hy the Aegean iBlanda. Knowlcdgv aiso must hive iraveled 
by.direct vchtjuvs to only JMO miles tlibtanti tilers is no much 

midence of intercbmigo list ween the isle and Ihe Jfile, 

Tha Afgeaiii culture was spmuling fmni island to island, and bad 
producnl I ho famous cities, Tiryn* aitd Msiylone, on the mainland of 
Greece, whose cultural remains, !m> unlike Uiose of the Classic GrBcts, 
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weie long a puzzle to vdieuIogiBte, Kooesiis, the oniete oud learned 
capital of Crete, was deatro^’ed alwut 1400 B. C,, nearly 3,4W years «gOt 
but that date was more than S,000 j'eare after tJie Sumerians had 
dsreloped a complicated ciTilizatbn and were filing away its amazing 
records on their durable tablets of clay. 

Wliile culture was spreading outward from its places of origin 
liOineUuiig was brewing in tlie grassLatids of oentral Euroida—'that vast 
tin broken plain that stretchoa from the Carpathians to the Altai and 


FistiMi T.—^TIm* qurstliHi ntatlu fnsfcst Ibw arm, llailta uafcooirn, freto which the 
fraaalaiul jxiunia »ut tis nrptiK him itojjf mlsrallona, ao dsatnutlTe to 
the ailvaaccd cultarte of tlir tlm* vaUerw tthijir iiiji}> cepxrtsht b> Hand 
McNatljr A Caieiuinyi ChlcacD. I 

'l^iaa Shan, and from the Caucasus and tlie muunUuu rim of Iran to 
the Great Ifonhem Forest, 

ThisTtoit grassland was an liihospitable area for the Stone Age man 
before he liad domestic aniimlB. Thom was grass, of eourtio, on most 
of its catentf and fleet-footod game. Hut wood and iiatuml shelter 
were scarce lutcept along the mountain and nnrtlient forest bonh’ia 
and along the batikn of the few streams tltat crossed Urn pluim The 
patch farming of Slone Age man was largely limited to Lliese spots 
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in the vast plain, sneh. aa the banks nf tlie Oius, Syr DatT*, Dotit 
Tolgiitf and othar rivers tlmt were favored ^ith ivood, watcri and 
possible ganltiii patches. 

A neTf and very diSerent era begin when tlic man of the pkius got 
sheep, gttflla, cattle, and, lastly, the horse. Tlie steppe people domea- 
ticat^ thfl horse (E. A. Siieiser, of the UniTeraity of PennsylTanja, 
concute), and it b^tne thomu^y inlegmted into every feature of 
the life of the people of the steppes. A Ti«fvr foreo, a new dynnmie 
had appeared upon the Eurasian scenB^the man on horseback. Here 
was revolution. It upset the aifaira of man and was far reaching in 
its eflffits. Indeed, the man on horseback has had but two analogs in 
lutman affaire—steam transport and the airplane. 

Carl Bishop, of the Freer Oallery of Art in Washington, says that 
tlie Indo'Etirottean langiingBS were develnpcd by these lioreO'using 
people on the* steppes somewhere in sowtheartem Eutopo or south¬ 
western Asia. He further states that these people whom we call Indo- 
Europeans had the word for wheeled vehiclo before they separated 
into eastern and western groups. Ijouis H. Graj' concursL 

TJiciae Jndo-Europeans of the steppes and tlw horse-using Turanians 
who appeared later in the eame area, luive profoundly intlnencrtl tlie 
history of Eurojie and Asia, both as spreadare of culture and as de- 
streycre of states and rjvitizationa. It is ns destroyers tluit they made 
their conspictious contrihution. 

Tlie grasatund nomad lives by flocks, the flocks live by grass. Ani¬ 
mals must nuyve to obtain grass, and tuan ncnist moTo with tile animala. 
Tlje nomnd hoe nvobility-^iera today, gone tomorrow —and mobility 
is a vaty important factor in warfare. It is ahto a sad fact that the 
grassland can produce more meii than it can feed. Thus tJicro eaiats 
the eopuldve force of h unger, These factors make mi grati^m so easy an 
to be almost a part of the social organizntinn. Many will be familiar 
with Ellsworth Huntitigton’a thesis to the effect that periods of 
drought and scanty grass tnada an expulaive fotrx that sent Central 
Asian nomads to oveimn aurtoundlng lands. Fanner peoples living 
ea-ft, west, and soutli of the Eurasian plains had ibundsnt and oft^ 
repeat&l cause to rooum the fact that fuch a region a.v the Eurasian 
gra^etnnd exi.sted. 

About 2000 B. C. bands of nomads from the steppiss began working 
their way around the weatem end of the Black Sea and southward 
through Tlirace and into Givsccc. ITiay were shepherds accompanied 
by tiisir docks and with rude carts loaded with hotisaltold goo^ and 
drawn by oaen. These people later bocame the anceoton* of the Cloado 
Greeks, By 1400 B. C., or in about fPOO years, these fthepherd migninte 
had leamed from the more culturod Aegwns to build ships, In their 
ships they saiiod to Crete and ejonquered it. Tliese barbarians burtietl 
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tii4 p»lAce», Itbnirifis, snd templea of Knosstus. Thow of tho learnod 
Hiid cultunMj Cretans wlio eotild do eo dod itt ships to ths still civiliaied 
shores of Asia Minor^ Syria, and Egypt. 






—LouE« 11. Qrny, U\ Uis ufEj^Ai i^f lA&puiurc#, pr«Kiiii i'h^§ ainp 

fci shcnr ttiir IfulEoiii of tatEcmh pvnpfi ot liHtn-Z£urnj|Wfi« afror th<^j haH 
tb<lr la thr, plfiii«t£i of Iron Ttirkt^tiia. I« Ffirvlnns: X Jiffido*; 

3 , ItirEiam nafl Barirtann; -k Um^ of t-tfat'onwil fottli: lo IhtjlD ; X Drntigilablflii* 
imd AnacbDrloiu ; Cnmuuilaim; Gchlroklnju ; X Hyt^tt^AiO'; Inilf^ 
£:ufopoan bom^Janij l«fore 'SOiv Ifae of Irac 

fPimla}p 

T; Tetmo; if, Hwtt; M iwrt f, UmhiMta ^ Mm; Jf* Bukhamt d- D.. 

Adiu ENiiTa, 


Whilo (ifeoks lu i^aconil half af the first nitllmiiiuin C- 
woro driving dvUimtioa bade toward its cc^tor, oibers of tbr Indo- 
£urDp4*^nf( of lha at^p]ie:a lunl north of iht C^piAti Sita mul 

entiirDfl the platan of Iran, Tlwy Hngvn^l iliere fur fivnemtiuns— 
























OHASSiiAN'D AND FAJUtLAKU—fiKlTIi 


3(}U 

long enouglii According to Louid Gniy of Columlita DniTcrBity. 
lo proiluce tho Uumture known oa VatloA. llicy tbcn dlviiJcdf nue 
group TvuoifioutJiwestwArd into Mi^potaruja and Llie utliar tsoutliout* 
ward into India. This conunon origin in tlis stsppcs explain!! tlu: 
remarknbtQ similarity of ths Grcric und SonskrU liuigusges, 

Beguming about PiOO B. C. many waves of these Aryans went into 
ItHlia. Tliey overwhelmed the Indus Valley cultures. Prof. TValter 
VfMi Brunnf of tlie University of Ijoipzig t&ience News Letter. Fob, 
10, toils>, pointed out in 1088 tliat the renuiius of Muiieojo-daTO, 
CTumhu-dam, and other Indus Valley cities of SflOO B. C. had no signs 
of Iiaving had walls or other fortificatiolun Y ixitu 1 liis fact he inferred 
that coiiGatious ]H!ace prevailed in the era hefote tlia eruptiea of the 
horsemen from tlie steppes. Porhajw this wns the Golden Age. 

These cities on the Indus plain had tiousea of wcU-bumed brick, 
Thu present inhabitimls of this area live in mud rill ages, Fifty'fivo 
hundreti years ago Mohenjo^hiro, built of lirick, had a sewer ^sieni 
equal to that of Poiapeii and other Roman cities tlint were built more 
than 3.00fi rears later. 

All litis the notthem invadcis destroyed—destroyed it ao com¬ 
pletely that we oidy loamcd of ita existence by accidental dbeovaries 
in tlte twenUcth century. Imagine if you con the thouglits and feel 
siigs of tlie cultured people of 5Iohoujo-daro as these early N^ia 
destroved a cit3‘ tliat had st<iod for centnries in posoiful prosperity, 

India received many waves of theso new mw nieii from the slcppas. 
As a result Indo-European languages prevail twlay over large areas 
in uottiiwestern Lntlia, Tlia otiitr results of these niigratiotis ran 
he oheorved today by anyone who poses nortJiwcst from southern 
India to the Kbylter Pass aud obdwrvcs the gradual change in the 
color of the skin of Uie inhabitants. The color of native sldii is black 
in oontliern India, while in tlw Khylwr Pass, with various shades 

ITie culture that originated in the warm and fertita valleys spread 
eastward to China, westward to th® Aegean, and alee, at an rurly 
data it spread northward to the highiniiiis of Iran and Anueuia 
where, as in China and in Crete, a cLviliaaiion arose in part on bor¬ 
rowed culture elcmenta. 

In the third millennium B, C. non-Iiido-Europeiiu peoples in what 
we now cft ll Annenia had a eoiisiderabjo culture, with cities and 
written language. Babylonian coloniatB settled among them, 
tiw Mesopotamian cundform churactota were added to their uTitiiig- 

Early in the third luillennium thero cuiae among tliem a migra¬ 
tion from the steppes, “an ludo-European conquering people called 
by us 'Hittitesr .*^ The invaders stayed, learned, incrcasod. and mode 
an empilv. Recant excavatiuriA sJiow that Hittite scholars mastered 
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six btigiwges uid were m “no inferior to the Babylonians and 
ElgyptianB^ (Entydopaedia Britumtca). Hittite armies conquered 
Bubylun. 

lu lUtjS B. C. a band af people called Hyksoa, arhosa leaders are said 
by S^iser lo hare come from Torkestan, argamzed an army in the 
Hittite area and proceeded to conquer Egypt. This expedition took 
(lie horse to Egypt for the first time. Tbe hotse-drawn charioi of 
the Hittites was an early kind of “bliU'* Tcarfare, It overwhelmed 
the Egyptians, perha[)6 will) tho aid of better bronze for tlie cleaving 
of skulIsL 

At this point in our namtlve tlio record stanils as follows: four 
civilixations—Crete, Indus, Mesopotamia, Egypt—ovemm by the 
itareo-nsing Indo-European barimrians from the steppes. It was 
indeed fortunate that the seed of civilization was not destroyed by 
these conqnests. 

The Hittite empire fell before the next wave of Indo-Europeamt, 
lioreemeti from tbs eteppes. Those were called Phtygians. Tliese 
horeemeu entered Asia Minor by way of tlie Hellespont. Like (hr 
Greeks at Knossus the Phrygians destroyed so well ihat it was only 
at a recent date tliat we knew much about them, and only in a reiy 
m*mt day that scholars deci phered the Hi ttite writi ngs. Fortunately, 
thee people wrote on bricks of clay, rntlmr than the perisliahle and 
ephemeral rubbish on which we write so volnminoosly. 

This episode of the Hittites con almost be considered the West 
Asian history cycle type, a type that is repeated tlirough several mil¬ 
lennia. Witness its operation in another group—the Scythians. 

Herodotus described the Sc3rthian9 (sometira^ called a tribe of 
Cimmerians) as being nomads of the steppes north of the Black 
Sea. Tbe .Sqythiens followed their flocks on the open steppes in the 
summer, back to the shelter of the wooded stream banks in winter, 
'Hie men rode horseback with their trousers—a Ht«p|>e invenifnn— 
tuckeil into thetr boots—another tdoppo invention. The women rod© 
in wagons. Ttio details of their ti fe sound at nmgely like tlioe© o# the 
present-day Kirgltiz of Centrol Asia. Horse flesh and mare^a milk 
were standard articles of diet. The aiiodc was a tent of fciL 

In the seventh century B. C. there was much movement uf peoples 
On the steppes. “The Scyttuans overran and rtiglitfully ravaged 
wide areas of Cenlral Asia and Eaateni Europ©** (Bishop). Sonic 
ernased the Heltropont Into Asia Minor, whhdi they ravaged, and 
where they stayed for a century. Some went somewhat farther coHt 
Qhd developed a kingdom in Ecbatana, within the present, kingdom of 
Iran. Tlius strengthened, refreshed, imd miiUlplied, but still full of 
the barbansm of the plains, the Scytlihins )tarried the Aatyrian king¬ 
dom, destroyed Hinevah and other cities, aiul advanced to tJio gates 
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rtuinn 10 A«i» ll.-^TbU mnin] rmta an old Cbln«a» Ule tella u# why ih« Cldna» 
built Uie fl«H Wull. A twvr blll« l»ud tone ffOTi Uiu frAWlAiiO. Tb* iowu- 

nun trlOi Uw tw^pteca ■»<* •Mltii 10 liut« IMUD Blfib IrrcilaUble ud «>|w!& 
land, bODca tb« wall. (AAw Otil Sbibop-> 
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of Egypt. Tlie Scytfimnji ihon diaappetirod from tiktory—probBlily 
nbtorbed. But not* the ttroJiitionury step«. A horde of nomnifK Irod 
left the steppes, lurried the plniettu. Tliey tirried for n few gen- 
enttions. Almost surely their nurnbets increased, and they mustered 
strength in that land of better pRsturea and scattered oases. Tliey 
then moved on to a carenr of coiiiiiiest nnd rapina in the fnt lands and 
rich cities of the plain. Then the melting pot ahKorhed them. Thai 
is the cycle. It occurs and recurs through nearly 8,<K)0 years B. C. 
and plenty of times later. 

The exploits of the Medes and Persians and of the Macetlnniait^, 
conquerors nil of Rahylonia, fit cIiBely into this pattern. The hotse. 
the most spectacular contribution of the steppes, lias played a eurioiiB 
•nd striking port in man’s nffnirs in Eurasia. Bishop thinks that the 
Scythians may have been the first effective cavnliymen. Ammd with 
11 compound bow, which seems to luve been an invention of tho 
north, a cavalrynuin could ride cirriita aroimd a charioteer. Hence, 
the use of chariots itt war declinwi in the Near East after tho 
iana, in the nintlt century B. C., ndoptei] cavalry from their anemies, 
the ScythiatuL 

Man’s experience in learning to use the horse serves to illastrate the 
stupidity of man rather than his cleverness. Perhaps most powotu 
liavo thought of the Imrse in ancient hiFtory oa a liea.sl of burden, 
drawing the plow, the cart and (he wagon with supplies for honie or 
the nnny, wi^ gentlemen and generals riding on com fort oble saddles. 
Not so. It is now known tliat the first impoitant. use of horse in 
harness in tile Near East was a ihoiisand years at the war chariot. 
For this eervica it was speed that counted, not abtlity to draw' heavv 
loads. 

The chariot was distributed to Ireland and Korea between SfiOO and 
1000 B. C. After centuries of using the chariot, os an instrument of 
warfare men began to fight fivim the back of the horse. But it wae 
more ceniuries before the stlmip was invented. Sforeover, man iiseil 
the horse in Itamera for more than 3,i000 years before a method wsa 
devised whereby a horse was fasTcned to a wagon by nieons of tracw*; 
Only then cnuld a horse pull wifh mors than a small fraction of its 
strength, 

Tbe shoulders of the ox end donkey are higher than are the nerk.'t, 
TJieae Iwaota with yokes upon their shouldera or upon the head of the 
ox, pullwl the plows and wngtma of antiquity. The anatomy of the 
horse not encourage ynking, Neverthotfiss the ancients fastened 
the yoke to a band around the neck of tbe horse. If the horse pulled 
with a conriderabTe fmetion of bis fltrcn0h the band prwed U{*on 
the windpipe and jitgular vein ami choked him down. This hamos 
also held Mb head high, liui when a horse i«dU a load lie puts bis 
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liirad doim. Pictures of wur chnriots show they did not cany much 
load, and Eoiiuiii records voriiy. 

EariT sses <rf the horse sift down to this—meat siqiply, milk aniJi^9» 
ussisuni to the Iwrdsnwn, the pet of pritices, ter pogeattUy, teligious 
ceremonies, and war^^spccinlly ^•w. 

Tile liorseman with a two*picce bow was the greatest “blito” before 
gunpowder. This bow seems to have brought cavalry to the ter*. 
Tlie Iionawnan with a lance was nut so potent. This bow brought 
tlie liorse to his Golden Age. to his aenith aa an influence in tlio affairs 



nr-tw !:i—ThiJ Uabtlr •boiled npoa ibotw iltelHiuodaol ihe of AttUs. Ow 

Hun. abnut A. D. Tbe twavllp *hiidisl •re* mliuwi 
sari an latKiiase. (Base amp ctjpyrisbt by flmid McNaUj * C3«Mui«aj. Chicago.) 


of man. From the beginnings of cavalry with the ScytliianSt about 
tlie ninth centmy B. C., to liie dat© of the effective use of gunpowder, 
niOHj than SJXK) years later, tl» cavalryman of the Eurasian grnsalands 

uimfwt contitiuotislv IwrsLSSjed cwUiires tba axt 

rim luul sniAatied vbpm ut will. ^Tiu» tb<* greni c^iri 

btiUiMi of tho Eutfljmii grafidjuids to historyi wteral 
iluring which lilft wlatian to Weiiuu? societies wus iwt primarily ifi 
tbd field of eootioijiiisi* bill in ilie field itf wur; not primarily 
but ntim ilio wmr of Tlte boms wus sn inmriiiiieijl of 

and deelructiiin of p€«>plvSe oilier, goremmeiits, md socm 

urgaiiLtationa. 
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In tho Gioit kia^i>ni in Qunii, ICXXl B. tJie minister of wnr wu 
knotm 09 “The Master of the Horses." Tlie Chous had no currency. 
Taxes were collwted in kind, and the chief tax gathenBrs were known 
09 *^builock drivers,'’ For oumy centuries over wide areas in three 
coulinemts kingdoms were measured by the nmnlter of chariote Umy 
could put iu tiio field. (See King Solomoiu) 

A recent writer. Butes, enipliasixes the uente alvortage of power 
anirjug the Biuuans on btrih sen ainl hu^d. This power sboriage ted 
to Uie use of the galley sJuve at sea and of slavoe to turn the milt and 



13^—T1>9 A. D 7W, of the crhllpbaltf^ ^ht Amh ^chli»[rdtic4Jii:] 

fuQiiiial Mo2)iimiwi], (Hue tmp ^pfrliht hj MrNotly k 
CZlIcAfD.} 

to do other drD()^*ty on lafiJ* Bjitca iiJlcges that Kom&n ware 

nfton litUe more titan alave^gutliering e.vpcdlUon& 

In lIxo nintli century A. D., sruneunDi apparently m Franco, invented 
I lie horse cohar ami traces, A horse ctnild then pull a load. TbeUf 
a't Mr, Diites tells Ijonsoii oouJd really work and antor tho economic 
roaim. Horsetjower been me cheaper tlum Blaveiwwcr, and slavery 
gave way to serfdonii As mndumiam imptovod, serfs bmuno freemen. 
Inventions gave man equipment tliat permitted him to emerge from 
the slave age. At a much earlier time inventioim had mfhcrrd in the 
Stone Age. Moat imjiortant inveniions change tnanV relation to some 
part of the earth. 
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TTitj horse, eepedady tJto hor$e Itcarinfr umi) uiwn its 

buck, feenis l>» have carriet! destruciion to uicient Eocieties in • wav 
tiuit EUggesta a strong rtoeiubliuice to Uie work of tlie airffiaite tialayi 

CHINA AND ITS B£1JIT10S TU mi; OtUS^SiA.VD 

The rehtinns of China with tlie grasshuids of Ceutntl Asia fall into 
two epochs. Ill the first epoch Chinn receivEtl cuiture etcmenis. In 
the second epoch China received conquei'ors and destroyom. 

Considerably' Ixifore Itiwn B. C. Habytenia Inul a well^developed 
culture which iiidtided writing and u cotnpleU* mastery of work in 
hroiuse. Babylonia also had wliceluJ vehicles, ox-dntwn plows, wheat, 
litany other crop plains, and all tlm cinuitiou doincsllo iinimals except 
the horse f Bishop). 

There is no evidenco timt Cldna tiad knowledge of metals before 
2000 B. C., but 500 years Uner pooplw ruled by the Shang Dynasty 
in ilto centinl and tow'or Yellow Kivei- buain had a mature and davel- 
oped syidm «jf writing, evidg&tly InunegrowiL, These peoples olati 
luiil adsilled levhiihitte for working in bronso. Bishop Sat'S, ^'Bronaa 
working wa‘{ carrktl to a pildi of tccliuiral and esthetic cxcuUencr 
Imnlly if ever ecjualkil in later tinias in any Innd.^ .Much of this 
craft;^nnaliip wa<9 undoubtedly Iwrmwefl, together with many plants 
and animals, from the Kcar East, It had taken tiie Mcso{)otau)Tatis 
several thousind yours to devdop Uieee things. 

Before CliIiiBse routact with the Kear East, Lite Stone Ago man of 
die hiessial area on wUidi Chinaso culture is bLdinvod U> luiv« devid- 
opeil, was a sedentary agricuIturisL Flo lived, nl least for tho colder 
(nirt of tlio year, in a pit hoiiiie which gave uiiuaual up}Nii’tunity fur tlie 
prrservntion of archeologicnl rcconls. Tliese pit dwcUers had dogs 
and many domreticated pigs. As early ns the Bfth miltciinturn B. C. 
they cultivated inilloi and snttie leafy plnnta (Goodrich). 

Tlien^ is no eign of fortification about Ihalr vtUages until culture 
flleiuenta from tlic Krer E'.isl appear—slieep, and broiufic or copper 
arrow tiji^s. The need fur dcfeniic had coimi. Tlie villages of the pit 
dwellers now have earthen walls, lliree tUJets of the loessiul lands 
tire learning niipleusant thinga from the 'west whence they bad do* 
rived so tnaliy useful things. 

About tO^ B. C. tiux!u>illng to Bishop), the Shunga w'cra con- 
ijiteivil by tJie ClimiA, asisted by rebellious Shaug subjects. The 
Chons came tii from inn or Asiu—cviu|ijerors from the grnsalanda 

EUsworih Iliintington will smile with eittisfactiou nt the mention 
nf the (.'hinesa tredition to the effret that ihe Shaug Pyimsty canja 
to its end daring n period of protracted drought for which tlic king 
was held reaponaible because he neglrettKl to observe tlic proper ritre. 
eias?«—(s—35 
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Bidlop sliLtes tlut Lho cg»qu«nng Oiotjp hail« cult ure much Ukc ttint of 
the AiyniiB who uivudvd IndJu about ISOO B, C, About chU tiinc, 
ttl&u, other outsmi^ge» of ateppt* pvuplro weiu into t^urope, BoutJiwtst 
iVsia, uud Egjrpt, 

iihitu^ i^fugeea fEcdng bofore men from tlic ^ntsslaiid curried their 
culture eiistward and stmthward to regiona hitiierio ber- 

borouif. This oft‘'repeated process of culture apretuUng is now beiuu 
sgniti I'CpeaLed us the educated Qiixiese from Uic westernired csia 
couel of China move their colleges und induidries to the conservative 
western uptsnds to cecupe the Japanese destroj'er, 

la the hret milleiinmin B. C. this process of grassland invusion and 
ea^eru culture dispersal was repeated several timeSi. The unihea- 
tlon of tiiuiiy kingdoms into one Chinese empira ia conunonly attri¬ 
buted to Uie fact that about ilOO B. Ci> one of the western kings ndoptcil 
a new tcdimque of warfare from the burbariiin erietnies of iIhs steppm, 
Tliis waa the mounted bownnui with Uto two-piece Iww (fig. llj—uii 
itreaifitible hlltakrieg much superior to tli* lumbering chariot, the 
preceding blits. 

ITio Great Wall of China rose as a tribute to the marauding horse- 
nien of the stepiKs. One might almust say it is a munuiitent to the 
horse. This, the greatest aLmcluru in vtdujne rearcii by malt, w'as 
built steadily during tJie fieventh, sixtli, fiftlh fourtli, anti third 
centuries B. C. and often thereafter even as late as the middle of tlie 
eighteenth century A. D. Although the wall was designed to keep 
tlio nomad of the steppes out of the farmlands, it was coly a limited 
snccess as ia shown by the conquests of Cliina by Tatars, MongoU, and 
Uanchus. TIujsb ciLvatrymeti from the i»t<!ppea could conquer China. 
They spread terror and rapine and niinls periods of diana. Tlie con¬ 
querors estahlijitK'd dyiiJLstles, Tlic dynasties melted away. Ttw 
Great Wall still remains, tf-jOO miles of it, in varying de^^j'uca of decay 
or mini But the nomad oonqueroi's tJiot rode through the wall in 
shouting triumph have disn|iiieared completely, liavtng boon absorbed 
by tlio groat truij© of the Chintise iicople. Mtanwhito ilia Cbinesc 
peasant still keojys mi with his not yet so greatly niodi&Hl ueolithic 
typo of agriculture, 

BOWB AND TnB NdJJADS HtOM TTtB HA8T 

The unforiuriiite experiences of the late Roman Empire with the 
fleminomadio Gormans and tim Huns (Turanians, not Indo- 
Europeama} of Ada and Mongolia are a standard part of si'hool hts* 
tery. Baiiih. of marauding Imtwman, recognising no Inw but the 
power of comiuest^ catni* out of the land north of dm Black St'S, 
croested the Danube, harried witliout mercy tbe enstem empire atid 
collected tribute from Bysantiura itself. Eastem Qvtha, Weaioni 


<:11ASSLA?CD AKD rAJtiilLAJiP—eitllTH 377 

Uoths, Vandal*, Huns, AJiixia, BnlgMs ia lum puniBhod the pn>vin«a 
of Bamt! eiust and wuat, for inivhig been prosiwrous eamigli to 
produce mote rial worthy of pillego. 

The Bulgers remain as a nante—their language haa been abaotbod 
by th a L of i he .Shivs whom t hey coi iqnered and ruled. Tlw Alans meltod 
nw«y as did the Scytliianfl in the fat Ian da of Mesopotamia a thousand 
yearn earlier, and na the Mtingols did in China a thousand yearn later. 
Many of (he Hunn of Attiln's empire merged with tlie conquered, but 
one group went back to the graisslutiiU of south Bussia. Some 400 
years later they returned to the plain of Hungary, where today they are 
the only remaining citadel of tlieir language. 

TllH ARABUN ORASfil^AKD EXl‘I.OIIE9 

The seventh and eighth conturieg of the Christian era witnessed the 
untrj' of the Arehian gra.sslnnds into tlje iiiatory of Eurasia in a Inrge 
way! It was not the first time that Arabia had played a part in the 
history of lands beyond its border. One of the first recorded conquerors 
of Mesopotamia was Sargtm tlie Akkadian, 3800 B. C. Sargon waa a 
Semite, presumably from Arabia. Arabia ia regaided os the original 
Semite nesi. 

In Boinan times succeeding gBnerations of Arab horsetncti harried 
the Bomun Empire. As the seventh century A. D. opened, Arabia was 
a political chaos of independent onsk settlements and endleraly 
quarreling nomad tribes. 

A genius Bp[)eared upon the scene in the person of Mohammed, wlw 
preached pal riot ism and religion. Ho used tlm sword to advance his 
precepts and wlien he died in A. B. Arabia waa united. 

Tlie f ol lowcra of Mohammed sto rted a coreor of wider conquest. The 
Arab horsemen and camolmen rode east, west, and north. In a few 
years tlwy had conquered Mesopotamia, Persia, Syria, Palestine, and 
Egy])t. In loss tlian a cmitury they had crossed the Ganges and the 
I’yrenees, conquering all the tends between. Tlioir defeat at Tours m 
France in 7iS by Cliarles Martel, who drove them bock into Spain, is 
one ol the vciy important turning points of history, 

THE MONGOLS A.SD IHE TATAB3 

The oniption of the Arabs from their grassland waa utiwlated to 
limiter happenings in the groator grassland of the present Rtisaion do¬ 
main. Tl» central groasland of Eurasia kept on producing ho^ and 
men and marauding. In the ninth centuty a Buasian chronicler re¬ 
corded one of their many pillaging raids. “Whence they came,*' ho 
Inraented, “God only knows, and whiter they went, God only kimwa, 
but while they were hare they were terrihlo.” 
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Uitfortanntftljrf later ;,>eiierjUious o{ vaiiten) tmi] gputlieufitCR) Kuro- 
p«ftna Imu:^ more tliaii this about the Motigols onit the Turks. These 
eons of the grasslntul cAtiie and remiiDcd to rule. 

Gonghta Kuhn { i’erfoct Warrior), llCS-i'22T,»ni of a Itlongnl chi ft f- 
taio, irasa suptcjne genius. He was prohablj the greatest cavalcyman 
tluit over Uvodt In 3o years Gcngbia the Cavalryman spread his em¬ 
pire eastward to the Yellow Sea and wpstward to llie Adriatic and 
the Baltic. Modieva) l^urupo salved its sore vanity by saying that 
Getighu; ovcrn’iielmcd by tnyriad numbers. Not so. He wun by disd- 
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dileAfO.) 


plitie, strategy, and tBctica. He was a master of speed. The armies 
he defeated were usually much larger than lus own, but he had more 
uicu nt the point of combat than had tlio enemy—”Tlio mtistest wen 
lliere fuslret^ (forrest, C, S. A.). In one forenoon Genghis left 
70,000 Buropeanji deed on the plain of Hungary, and then “reduced 
throe ^uatlcre of Hungaty to aslics.” 

It is reporteri that the etrategy and tactics of Genghis Kahn have 
been most carefully studied by Hitter and company in 6ve difTerent 
compendious reports. Equipment may change, but tlvo clIeetiTen«» of 
strategy and surprise retnaloB. Genghis Mcma to have been a true 
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Ntiau. lie softentid up prospccUvn vktima by pxopiigiuidft, infar- 
ujstlun by apt<!9, and niUduMl bci:aufie be tliougbl bo could win. Do- 
taik of his eqtiiptnmiii and elltirUvo methods st&nd in rofoxeuco books 
for iboeie wlio wiidt to read them. 

Those hlongots conciuered cities but camped without, in tents, 
nomad warriors ehould. Aa be wnlketi through a gutted Uuuslan 
city a Mongol warrior kicked a bog of gold coins out of the way, re¬ 
marking ee he wulked un, *‘a heap of good it did 



naouE iCt — ^ArroiW* thww tin: tmll «( tJie Ottemai* Twtu ftot of Onlral Asia 
IdUi Inin and AnatoUa, muiduil ana !■ CUontatt eaiiilrv at lie (leak. ttIKt 
V=VleDOn. T-=*rwi(ai tlw htalnraler mark of Iilum tn uimtiJTn l-larc^. A. D. 
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It is oaid that (jengiiis' generals urged him to clmtuoe tforth China 
by massucriug Iho millions of agncutlural human vermin who iu- 
bubited it Gengbia said “No,” but bis successor slttU^tored the 
entire pupulniion of Baghdad, porbaps souns TOO,tHX) in number. 

If Euasia bos btsm soiiUinhat backward in comporisou to aomo oll«r 
European countries in recent generations, wo ahoubl remember iti 
complete submergence beneath the hlongol horde nearly a tliotuand 
years after the Koman Empire bed its aomewlmt aimllar but less 
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Uiorutigh i]estn)ct)(in at tlie haiwis of taubilu froia tlm si:4!pp«& 

Pu'lfi of Europeom Kuaam ore ntiU iiilwlijted by gi'uups of llie 

de^cendtiiiis of thuse Mongoloid Aslutic iiivniler& Tboir jiiLniUerA mu 
imo mtUicms. We might c»f] ihcot, mid the Hutigarlexis end tlio 
Fmns, ^Vsia’s return for the seufumujitf of Indo-EiircKpeims in snutU- 
vresLcirti Asia. The Turks coti till tied tliis reciprocity with ferocity. 

THE TUKKS 

Tito Itwnng VttJley lo have bceu. Uie center of peonTijs who 

lire called Moiigoluidp Ccnlrsl and north central Asia was tlu! center 


l-'isuBC l(L.^SLndi»il atra fitiows HuksIiui cani]nnti In Asia lf»eo, O-eH' 

]K>wikr uuC wb«iki qm^JJiiJ ili« boritutuan of iXid 

for peoples culled TuruniiutL The nuruea Tarki, Turroxnuni or Turk 
have been virioukly applied lo a duicott nr more bihiiie grouji* living 
west of the Oniut Wall and cioK kin to Mongol and linn. The nio- 
hllUy of these humemcn of so-cHlIefl Turkiah stock was so great that 
ill n idiorr fwriod thay were to lie fmind ut Lake Baikal and also in 
Morocco, r/XMl ndlce dlslunt. When the iinesfiiinB took Mm** tlioii 
IQO years ngo, tlie Turcuniiinfi of the tiLiLFby eteppug were known by 
their ueighbors ua ^the uiaii'Steallug Turks.’* 

The Turkish group Uiut cwntjui'ml Conmmitiwopja lias tejicated 
•iv> «.HthK«t Asia liwloriciij cycle wiUi variutiuiie. They cunie from 
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Turkestan^ crossed a cotnor of Fetsla, «ad settled In Asts Minor. 
Titero they increased, organized, and crossed the Bosphoms, FasS'^ 
iug the waTIa of Constaiititidplo the inroders esfabtlslud themseWes 
in soulheastem Europe ia the early iSOO's- After generationfi of war 
iLcy took Ci^neUniinopIe in 1453 and extended tkeir empire into 
Huiigury and soutli Eiistia. In ICisii the Turldali aiege of Vieiiim was 
raised by Jolin Sobiedd, of Potand. 

li yoQ look at the map and locate Tours, the northernmost limit of 
the Arab iniraBion, and Vienna, the wcaternmost limit of the Tnrfcteh 
invaaion, you will see that Christondom has been subjfJCted to a men- 



raroHit IT^Httmab orerfciw frtnn anttliem mO nwiiLertt traaalands, aa aluwo. 
tif UnffeliiiliT Ic Itooli ‘'Dmiiocratlp IdiaUa anil BfliUqri" IIi'hit Holt & 
C^panj. Suatt wflodin' that UCMpotatnia, eat# h> fnillftiL bas lain alniwt 
lOla and alaidio cjuptr for coniarlctt antf ceonirttv. 

Being pincers mmnemmit. Fortunately, ihe different eidea pinched in 
diffeicni centuries. 

If anyone ia uictinod to eciticiie the Balkan pctipfea for some cnl* 
lural, or Pipecially pcditical* sbortcotnings, let liim ttjnjember that for 
BOO yoara (jaaO-lSTB) the Balkan peoples were ^ibjectfid to the tyran- 
noUB misgotemmeut of the Turks* from wliicU lUuy but recently 
escaped. 

During much of this long em of Ttirkisli rule iheve ttos something 
like guerilla trarfaro licre and there in the brokepti area we call lUe 
Balkatu?, In such a t.itno men think of chiefUms, leaders* not such 
abstnictione as democtney. In lPt3 and m4 we heard mticii about 
Mihailoritch and Tito—(wo more diioftaiaa. 





BUSSIA TAKES THE STEPrES 


Qimprttvder with muaketA and cannoti i!ii<ted the carver of tltc horee' 
mwi of the stcp[M» after uo undbturbed indcpondcnce of unknown 
dumtlou, and oiftcr about 4,000^cire during which the horsemen oxer- 
rwi jilmoai at wUJ their nioro civiliied neighlmra on the cost, south* 
nod wewt. In 1S60 tluB Ru^ane with RiUfiiketa, cannon, and wagons 
croraed Uie Urola In 300 years they subjiigntcd tho wholo of ceairal 
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At the close qf World War I, Michael Pupin* a Seiii* and distin* 
giiished physicist of Columbia University, was the head of many 
Serbian organizations in this eoiintry, Whun Weodjow Wilson, at 
Paris, wag big in the European news, Papin rtmiarked one day, ‘*1 
douH want»('ollege profeuaor, I want a kmff and a Arro.'’ 

Tlie Turk ruled a wide empire of tnanj peoples, but was ahie to 
eaUibiish his langiiiige only in Anstoiia, 


FlutntK 16 ,—TutKwr&iilar ajiil natea uf eaupieint ant) tnlargilcin, 
pirian Oste, iipotilns a nuraudenr rcuil frtiui giimliuul tvwstil inTiinnT i-T- 
< t'ran* Uarlctnrler, ' Democrane Ideahi and llealttT." Hiiuy Suit A Oumaanr.) 

sccoimI Tootv tram Ibu I«ft li ibe Ktiftwr I'tswi. jio one fcaowa the niuuOcT 
of iModH of lulfrMit*. Bitttnuilflta. 4ir aniiito (bat hav^ uaFctiHl 

Uiroii^ th«E r «7 iSTorable ojumk* In Urn Jiwitiirnln wall. Theiv writ* Uitwf 
nf Alf3HudiT. THinerlciie, nttd OeorBe V- Ttiditg Ji luu n nlntesle nttwiir, 
and brittim wllb pltlhosA perched tilgb nlolt on tunn^ eoninupdlng bllla 
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iteib midal] its liorscmeii rigtiL clitTrii to tlie nioiuUahi wjill<i of Parda, 
AfglkAUistiui, and die oiiteT provwcos of liio old Cbitiess Empitc, 

The tables wens turned. The mobile gntssiaiiil borMnion found 
liimself doitilnated by a roacbme'Uaiiig sedenlary man from beyoiut 
the grasslami border. 

It is interesting to eontetnplate the almost unchanging continuity 
of two culture types; East of Utu Great WsJi, in the good fjirndaiid 
of the Chinese plain^ the mutt with die hoe, the mud Ylllago, the brick 
temple. This man was, and is, a peace-loving crealuio unteinpted by 
the lure of conquest, praying to Ik let alouo in hb garden, f ind-cad 
he has been the victim of oft-repeated piUagu, 

West of the Great Wall the gnisslaiid man, ridiitg a Insrse^ IiTing in a 
lent, menaced by petenninl nneertainty of sutipl j<« of grass and water. 
His teini)(alioii to mnrarid was strong and oft-refieuted. Tim mobile 
existence of thagmsatand nuui made it easy for liim to raid and piUnge- 
The gitdn bitgs <if dot intoi wItJi dm lino ofTcred an cosy objective. 
Thus, for 1,000 years grassland culture changed bui liltle and the raid¬ 
ing iiuniad never ceased his attack.^ Almost any year cavalry could 
muster on the plalua utid iu irresistible mtmbei^s appear uuaunouiiiced 
in the fomland beyand the mount aJn. Thus cnviliiaiion nftor ctFii- 
izaticiii and emfiiro after empire dove)o|>ed in the ftirniltiuds and fell 
bcforotlieAuui from the grassland. 

Qrassland Bociety permitted and oncouroged military power, often 
unlimited except hy tiic wtdm and fancy of him who widdud it. Temp¬ 
tation to yield to the ]HJ\ver luiit was men: frequent iu the grasslands 
dtan ill otiicr cnvirmmientSv Tlte power liisi b unique among nuui'u 
desires. The gratification of the desitn for food, drink, sex, the pSeos- 
tiltis of liie chase,of workmanslup, of tlia intellect, of creative art—the 
isnercise of aU theso leiide to oaticty and sleep. But in terriblo coiurost, 
the lta*t ffir power grows by gratification. %l runs away with the 
JiuinaJi spirit. .AI times it tiiibuluncca tlto miml. 'One Rmnatift with 
the pitiful record of eaipcron; before them had a word for U—^'Impo- 
rial Madness,” 

History furnishes overabundant illnstrationa. To read ‘‘Mein 
Knifi pP and couteiuplato the actions of the Nazis proves the prasent 
and continuing menace of unchecked power. The dangerous Jdug Is 
that tlnr poivor liusl is Iwni in nil imllviduab. It b even sharotl by 
some of the cpmdnqietb. 

If Uii: tnibulent histoiy fd the Eurasian grnasland has any mcsjiflgt* 
for this generuthm of nieo it b an iroprrativc comnmjid to no orgsnixo 
our aflaitifl lliat no moo, uatinn, or group can get into a position of 
power over other large gruu^)^!. 

Ounimwdor mid tlw railway reduced grasaland man to imiJOtencc, 
They made him the vassal of tliw wan fti:m outside whuea mm-tuijoiy 
rtmld ootnm the bona* and oiibhiriit the licirecman’s bow or rifle. 
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But wknt about this Eurosisn grosstsud os h stags ood base vf op«ra- 
tions in tbs world of tooth uid fangt but equipped also with plane and 
bomb! 

Mscldndsr pointed out nt tbs end of World War I that land'bQSed 
air power would soon moke the Mediterranean untenable to nnjr V i n i l 
of^shippiog. Bere be showed hunself a tuoet tme propliet, Histot^ 
bia vindicated hfaehinder. It bos also vindicated Woodrow Witson^ 
dictum that if onj people or nation U not safe, no nation is safe. 
Immensoly sttengUiened is the argument for world organization ti» 
outlaw war. If our intelligence is any greater then that of the sheep 
or the cow we will etrive for intemalional orgouisatiou hi 
equipped Ion 

1. The removal of international tenjtixmii before they moke 
explosions, 

g. The treatment of any war os we ircnt Ematlpoi and rnbiea. 





PUlTC 



1. THUS PlD SHAMWIANESAH, KWO OT A$$TrHlA ^SOPQT^IAK CCUEBRATR 

HhS VICTORIES. &40 S. C,. IN MPEMIfiHABtE^' ^TOHt 

iAnM-4rrN^^ifN«} 



2, TJOLATHHUfSAH, ?4S-7i7 B C,, UPT THfB MOKUMCfTT TO HuMAN ^TUi^lDiTVr 

,vm. rb« fMt j tgraii-.rf ib-cteM hifta ttw 


iDHrurn 
A M.T^t 


iS tiiSTta- iYkCS^ > fS* w™ni,?^ w«ein*up 

n t/. h#i tJmikibliuh vklmTH *lllh fc Iklf tiiSk of iiiwuitimujji iiliuljzw nAUW^jUwjW 

ri«i %iv4l'ii0nMit <4tlEiran Thrtw nn Iwkm ihw* hui 

hkVM'4 *iiai|IJnf> Tfii|riii'« 1i»rwit milM hut ihupi Itl*^ nf Tfcfl**fhT>lSw« It^Jf fwifipil ill** *t 

ill iMardliit I4 lOilIrtijjF Mufl will* [|*uiliPi( 
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SOtmiERK ARABIA, A PRODLEJI FOR THE FTTTl'RE* 


rUiUiriMt SI C(»A 


rrmflDtjmoN 


Tlio one corner of tiie A;^tic eontinent witli whicli erdieologiats, 
etlmologiete, mid physical antlircipologista have concern^ theinflelves 
che least, for exeelltmt reasons, b floulbern Anibia. Tliis pardotiabJe 
neglect stenda in iiive™ ratio to the region's nntarnl appetd and 
interest* The irliole Arabian peninenla, from one atandpoint, forms 
one of th-TOi vertiitfoim apixaudieea dangling from the main mass of 
Asia into the Indian Oewn. Anibia, sonllicm India with Oejlon, 
and tlie SUlaj PiitiinsulEi, luive ad three eerved as ciik-Jo-sac to old, 
dbcaitdod, and forgotten fragmonta of hnnianity. press^ out of circa- 
lation bj the movenietils of more rigorous and mote civilizod groups 
to the north. Hie pnrtdlel between eoutlieni Arabia and tho oUmr 
two appendices ifi clear. The primitive Bednwin of tlic lladhramaul., 
who form the siibstrstnm of that country^ population, and ilia non- 
Aruhic-speoking imtiTcs of Mahra and Dhofnr, airve as the westem 
countcrpaila of die Vedda, t he Semang, and the Sakai. 

But Uiore is another facet to this comparison. Just as the hr^ianl 
Sinhales; cividation nourished in Ceylon, just os the Mon-Kluner 
civilizntioii teached Kulptnial heighta in the jungles of CoroWia 
and Slam, and Hindu culture was carried over into Sumatra and Java, 
80 southern Arabia lias at the same time plny^ h second rob, that of 
a hothouse of high oriental oiciJiaalion in antiquity. Here flaurialied 


i-tTjfl Bnnw It* MXtot iB »rttlng tbl« Ti |b «w»rlM tjB ^l»j 
^ oi nad^BUBut wa tJiwfif. am tb* tiiUha ot ftoeurt. 

iMitk iij*iort«Hj tod ttlwuitaairtiUj. m » toiua ttjj mtaor Im art^ tTV^^ 

tiai "u JBbB Piniftiu .run*, id .h. K*» 

10, nWT : D*. C*M 1 * aoiilfll'l book, U ToniWt ! 

dfB Btr*'* "t* ntObroiBiiDl *f 1 h Ooloolr* ^_ .yi. 

AjatilB,** b 7 Tli*«« 0 n- aort Itn, 8«nt: iDiT ■’Artbl# r»lll, baf ^ 

Odtbor'i IMU DotM. Tb« hi(.n>"tDli™. noi™. oUitfirtw Id tso 

pwwlwt-n fr™ ftpor. of ft- P«b.^ *«b.«l*sr 

.nd JttkoSop, tUL », OtMB x-mori.) VotD«f^ I««, ^ 
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Ihe faiiiotta kingdoms of l1i« S^ibauaii^f Mmaoatis, EaUibiuiiutis, End 
H&dlu^inuutia^ whcafe epltmtlurs imtnoriftlisial bj ttic bibUeial 

ftvcoutit uf Solomon iind the Queeu of Shuba. Undor the «iicToachijig 
etuids of lh(j Einjjty Quiirter Uo Uio feet of splmdjd temptt^ and lofty 
tiltyscmiKtrs, ubnt)t]nn«il to Uie ifeseri after Uie bre«ku)£ of the Marib 
dam. ood thosLlft of the franktoceiiN- troile from llio overland route 
to (Jiu sea. 

Thu pcniiisuln oi Arabia can hardly lie called ti null. The Empty 
Qujirtor, iirobnbly Iho w orld’s tarinist aliotch of olioer and ulter desert 
ivithont UBSI9 arid inthout relief, acts aa Uio eunter of a ring, about 
ahk'h are eet the Ambbu Idugdonis, like jan^’b of different ittie and 
luster. The Empty Quarter dividea these kiugdouia aa tin sem could, 
for nno can sail across aeae, and some, oneh os the Mediterrauean, 
and the Indian Ocean, hitve acted to hbtory as liighroads rather than 
03 barrierg. There 19 no barrior so great as a oomjdute desert. Tlio 
Empty Quarter may bo croesed by comeb and lias lioeii so crossed 
over Jong periods of time; this has lieen proved by the pcraaiinl «i- 
fivrienco and ttitjtnrtes of Bertrnm Thomas, t^nch cio^ingK. how- 
cFpr, are eatremoly eJtcciJtioiiaJ, and of ttip inluLbitviU of Arabb 
today euterfaii] only fabulous natdous of Uip nctuoi cbarncter of this 
extensive uo^te. 

Although it a-nuld please exponents of pan->Arabian solidarity to 
think that oil ihn Arabs in llns ivliole pciunsula and elsowUcrc form a 
racial and ctilturnJ unit, the trtUh is quite the opiwc^ite. Arabian 
unity north and nvstof the Emjity Quarter may well extend into Syria, 
[rnq, and Jfnrtli .\fricn, but south of the great desert the ynnniforni 
ap[iendix plays its retentivo rote. Here, email, ringlet-haijied men, 
pbintetJ bliiO, siraar mighty osths over tho tombs of Jiiiin, intlk ilieir 
enttio, sleep iti eaves, and initiate dieir sons in niagu ceremonlea of itn 
Australoid cJiarnctcr, "Flicse umti ura nut ArsUi in t)ia inodem,la]aiuic 
oeuse; iliev are the survivors of an wirlior age, 

SoBihem Arabia mar be divided grogrniihtcally hilo a munber of 
rliacreto units. Most important politically, nnd in rafexenoe to popu* 
latton, is its wcstenimoat segment, the divine kiugriom of Tctnen, whore 
approxinintolr & million fannora water their tcrracea and reap their 
barley under the spiritual saitction of tlieir Tniwm. The yenvuii con- 
outs geographically of two umiu parto, separattid by n fomiidoble 
barrior. The. first part U the Tiiioma, a narrow coastal strip in which 
auid dunes alUmato with fielik of tmrghuin, and nccupted by n mixed 
Ijopulntidii of XegToid serfs from Africa and small elflike, hmehy* 
ruphaJic man, whort meial origin is still a mystery, Tim Imrrier is a 
lOjIKHbfoot (SeatrpIiient, rising sherr from the cnastal plain, croivned 
hy B range of cnstellnied ijeaks. and fuldeil and ot'oded into omiitlt-^s 
i-alleya. 
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This fiscsrpmflmt lisa l)cC-ii almost complcteiy terraced l>y ttmiii Ou it 
grow crops of luscious fruits, various litird grains, and the entire supply 
of the world’s fiiwat grwU' uf coilw. Boyouii tlia escarpment stretches 
a vast upland plaloau. sloping ypntly eatstward asd drained into ll»e 
TVady Hadliramaut and tho Indian Oojan. From the cdgie of tlio 





eacanuMWit to iW iQ-<Jiifijiod Ixjrder of tlto gradually encrtwthiiig 
Empty Quarter filrakhes a wide ltdt of terraced land on which great 
crops of grain are grown by the Imam’s suhjetta. Tlie desert burdtsr* 
Iniid, itself once tho aeat of garden stales walnrod by ineatiB of Impe 
dnrritt. tstiow occQpicd hy a fow GcaUcrtMl irilasa of Bedtvajtt, who uiii lO 
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thnir living by ex^liiiting ibo nnlurnl tiult liejxksUs atluutL'ii neat tlu* 
gtval dty-utes. 

'1*0 ih); eai^ <if tlifi Yem^ii, and t lio uf (Ih) wiMivrtiinu»i extfco- 
sicm of the Empty Qoaner, lie« tlH< fiuuoud region t^atliic] BodJiramnitt, 
u country whose size diminishes as one approjiehes it. To tlie outeider. 
tlie Hadliramaut comprises most of Arabia eiiet of Aden, west of Mahra. 
and soudi of the desert. To tin*. Ilailhramia tiietuseirea, it iiiclud« 3 » 
only the narrow volley which bears its name, and the string of towns 
built )ilong it. Ttie Hadlinunaut, like the Yemen, is the seat of intense 
ngricultural activity, but in n niucli more restricted sense, since only the 
river valley and the beds of ita trihuiarics are actuiiily productive, 
while the nearly denuded motmtaiii region lying between the vitllcy 
and the sea is for camel pasture and the passage of cumvans. 
Hio sea coast uf fho Qadliramaut in a negUgihte geographical eapres- 
aion, sinioe the cUifs which hem in this valley to Um sauUi arise ahnusl 
directly fnau the wahi^, 

Ea.st of the lladltmtuaul lies wimt m, to motit. eUinoluglate, probably 
tllo nlost intercstiug tKCtion of southern Arabia. I'his la the half moon 
of Dhufar, a fimoll coin^tal plain hemmed from behind by tlie Qare 
Mountoinij, against wluch the full force of tliO Imiiun moiifiooii imloads 
seasonal rain in abundunec. Ohofar alone rctnius the damp tropical 
climate wLicli, the geologists tdJ us, at one time dmreoleriml tlie 
w’holc simlhem atrip of Arabia. In Dhufar survive mangrove 
swamps, miniatinv jungles of tropica) palms, and on Die slopes above 
tlis plain, an abundance of those small, tiesliy bushos from which are 
bled Die frankincensic tears so greatly pria^ iu the ancient world, 
in Die liighlands behind Dliofar surrivo pr&Arabic Semitic lim- 
gusgee; < and a cattle culture compiirabto U.t that uf the Toda of India 
on the oiia hand and uf the East African Hmnites and Oantu on Die 
other, us well aa rortain cuiitouui anil praclicca uf a very prinutive 
diameter. 

When Wo leave Dlmfar we tmler the domain of Oman proper, but 
we are no longer in the strict scensu cumTrniMj wiD» southern Arabia, 
fhe bulk of Oman is situated in a latitude noctli of Mekka, aud even 
with that of Meilina, Except for the alJegcd Ki'grito strain in Dm 
population of Cape Musand^, Its rdutionahi(is are primarity with 
Dm valJoy of McsojmUmia and with the (.■oaiit line of Inn. Sou Dim i 
Arabia, in Dm strict Mnso of Die word, euniml be said to extond 
noiD) of the twentieth paralld. 

pitmimoRv 

Tliere can be little doubt that, during parts of the Deist oemte period, 
souDiarn Arabia enjoyed u mudi mote feltcitouadimate Hum it does at 
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pt^WJiL The Empty QiuirU‘ri After all, U nfllhinR htJt an ijasttPAftI 
(■ittfiiisioD of Uio SaliaiAt a pan of tlio pen oral boll of arid iiptands 
extending %cro^ vast eipansea of Africa and Asia. Sinto thn clitnatlc 
hlst^iry of the Salutra is now partly known. It is poasibls to reason by 
anatogj' with snmo hope of jti^iificatioru 

During Uwi Pleistocene, a number of pluvial periods tamed tha 
Sahara, nt allernato intervals, into ■ great plain of gross and park- 
lands, drained by huge rivers which carved iln deep wadies, now watw- 
Iiu« and donutletlt wito sculplwnii masterpiecea of mieiun. In ^uth- 
etn Arabia, lbs aisa and volume of the dry river courses bear eviflrnco 
that lbs same process look place bore as well, and that clnring thee 
periods of obumlant rainfall Ibe Empty Quarter itaslf formed a 
gritssy plain of Ibsmit sism, offering food and. shelter to herds of mmi- 
niint mammals, and to man. 

After the bat pluvial tnaiimiim, Arabia, like the Saliarn, began tn 
dry out. The ahandoomont of Mnrib, the gradtiol diirasc of the ter¬ 
races alotig the Yemen CBearpmeint, and the turning of the nortliern 
Aruba to pastoral nomadism with dependence on tho came!, may all 
fiave been secondary manifestations of this increasing desiccation, 
and wc have no evince tiiat the drying-out process has yet come to 
an end. Arabin today holdii somewliat less ihoji C million pw>ple. 
Five thottHaud years ago, when agricnltura waa already old but lit- 
erato civilizatioii iiflw, Arabia might presumably have held twiw tlml 
number. If we are to toconsiruct the history of Arabia, however, we 
miJKi turn back still further, and postulate a time in whirit tlio whole 
southern border of the peninsuin rcsemblEd the present Dliofnr, and 
in which the Empty Quarter and the regions nortli of it were grassy 
plains. 

At that time, it is possihlo Ujat Arabia was a home of human lieing^ 
of ancestml European type, and advanoed Iwyond their f^sllowa in the 
gluciot north. It is too isarly, however, to present thb hypotlnsw wiUi 
conviction, for at' present Paleolithic archwjlogy in Arahiii may be 
said hiirdly to have begun. In the Nojd, Dongbty • found Palcolithlr 
implements, in Ujc form of hand ases; Heniy' Field,' in a moior irl]> 
across Ti'ansjordania nnd Lhe desert liorJer of Iraq, eatabliahed the 
prcseiict! of PaleoUlhic indtist ric.^ from tlvo Achcidesn stage upward, 
while Phiihj,* * in his m’cnt trip along Uw soutUem border of tlie 
Empty Quarter, has likcwine discovered Paltolithic impbtmmU of 
ftauiro jia yel uRHtutfiiiv 

Mtjss Catoa-TlionipsoTi^^ howoTer^ ha a found palGoliths in Bitii in 
tliB Hftdhfflmaut; tU^v-o itrt« of Devulipisian (ypc-i po^Jrly 

loar. 

* Ckivi»^tlECJPr#4ii ftiid OiTdiHT, 19SA. 
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‘I'hey stH’Jii In hiii'e Wji used over a tong period of timo. So fur, nono 
of lio Inuid a:u!9 !>li typical of norlliiim Arabia hnvc )M!oa foiloil tinith 
of the Riiba'-ol Clialii whicti vjsa perhaps as much of a reiugc area 
in Palcolilliii' as in historic tirnee. In otlnu* words, the gcogtniiUiral 
forces vrhtdi divide Mortliern and eonthem Arabia into soparato cnl- 
I lira i entities today may aljio luive opernted as far back in hiiiruin hia- 
lorj' as Plcistoeciio times, 

Soutiicrn Arabia may alsii hold iho attttwer to some of the pcublema 
conceruKi with ibi- rise of the Koolilhio ecoriotny in Uw Old World. 
TliP YciiieJi higlihnds and ilm comwtmnding higlilandu of Ethiopia 
w>fin to l«* oM centers of terrnced agriculture. Tn Ethiopia, a number 
< I f nntqne local tpjwcies of nn'sls hare been fornid. So far, the Ycmen 
has e?«cnt)od tlie at tent ion of economic botanists, but thw region moy bo 
of greni iiilcTcat in this conjjoctioti. It is juai possible that some 
iispcrts of the Neolithic economy may Juico dcvelopoil in this area. 

Mi.'giLliths. toa^ are preaeut in southorn Arabia, In his recent iour- 
nr_v liirough Arir sml tlio desert boiderland of Vcnicii, Philby ' 
noticctl til!' prctffiiice of croinlec'Eu sliiribr to Stonehengt'. made of 
double cniuvntric dreirs of Imge slabs of granite, with central rorri- 
dors oriented] to tlsc cast mid west. Us objo fnond ECniicircular fwis* 
eageways, and vast fields of dolmonlikc tmnlis lajtb wjth and without 
corridore. Eiirther st.iiiiy on ilie spot will be needed to delernitne hoih 
tlie of these stfTiciturca and (heir I'nlationship, if any, witli tlie 
megalitbir comfdejc in ihe MijflirprrajTenn and KrcFlcm Europe. At 
jiFcscnl, howeverj it u'onJd seem Uiat they hare n strong continiiityi 
at Iciun in an architectnrat gent*, with the historic culturea of Etouthem 
Arabia. 

Aside from archeoltigj*, Boalbcm Arabia may contain tlie salution 
of an iinportaDt question in the- mcml field; “Whnt mle did the tioutlh 
om coastal atrip of tlm peninsula play in forming a connection bo- 
iweon the frizaly.tiaircd, deeji>pi|pnn]ted peoples of Africa and 
(.hscBiiia?** Ih Africa the general Negroid family is represented by 
tme Negroes, Pygmicf®, and liushmoti. In smitlieru Asia and Oceania, 
from India to Fiji, one finds variniig Iftpda of Negritoa, all owiipying 
ja&rgtmkl an<As. ae well ns H«hiiu‘aiaua mul Taamanians. Tlierc is 
prohibly «iun* genetic conLinuity ihe N^roida of these two 

major m'vaa, and rincf* the fringe of southern Arabia lies in lietween, 
flume traces of whate^’cr group fiorvwl as link might posaiblv be cx- 
[lected to survive. SticIi a survival dofs actually occur. 

The i>opntution of sonthcru Ambia, aoiile from the Yemen, cotiaials 
of two major olcmimiii—Mcditerraueni] nud Vnldoid, In the Hb- 
ilhrojuatit VnUcy, Ihu agTlcultiiriflU urc iireiluuiinnntJy AlHliterra* 
iiean; among the Ib'dawin, and among the wilder Iritics of the illiofar 
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regton, the Vcddolil eloueiti increases in importance. Tliere ts^ how-' 
ever, a U»jni plcuicnl—frizzly ■Ijaiwi], sliort-snlaitircd, round-Iieaded^ 
which oociirs ntuotig s^Mndto mdlTiduals, and which IH prasnituihly 
Kegrito. IitdiTiduok possessing these traits are [int lo W confumiil 
with African Negro hybrids^ who are well rccognbcfi end who are 
differentiated from tlie rest of the papulntion in u social srmK« nor 
with Somalis, 'flic tribesmen of Capo Miuandam, in Oman, are said 
to bo ]>redoimnantly Negrito.* 

The Umtatire identification of a submerged N(^to strain in south" 
etti Arnhia, which can br oonfirmed only by further work on tho ^pat, 
leads one to sugg^ that the iKinoecting link b«twi<cn the African and 
Oceanic Negroids may be Nogrilo—the only type wludi Imtli hare in 
common. It is very UkeJy that the Negrito is an extremely nncioni 
human type, us witnessed by its morgmol position, and that it antedates 
in devclopnienL both the Afrlcjitt Kegro and the Itclanesian, which 
Jntter is prfthably a liybrid, Soutliern Arabm wna presumably nt one 
l»m« nieraly a segment of the furc*-^ed belt which the Negritoa of tli® 
world ownpied, and m'it (he Negrito factor may well anie«l«tc tlte 
V'eddoid. 

TUB FBE-TSULatig KlNtmOMS * 

Wlicn wo apiirunrh profalcm of the litonite city-dilates of pre- 
Islanile soulheirn Aiubta, we reach somewhat firmer, though fdill 
shaky, groiuiA TV*o know that. tJioro were four kirigiloms, from north' 
west in southeast; Mn'an, Snbn, Kataban, and Hadhtamaut. Their 
capitals were, in order. Ma'an, iVlnrib, Taimui, and Shabwp. Of these 
four, Tftmna has nut even been located. Ma^an and Marih were yiaited 
by f iirtiTB epigraphera in disgiiise, in the iSSO’s, and tlien loft unknown 
until llKUl, whan Hellfritz, under oacori by the Iitiaiukr soldiers, was 
hurried through tlio tatter. The same adventurer also pu-ssed through 
Shabwa equally rapidly. In IfiSd-OT, Philby !fp«iL a total of 8 days at 
.^habwa and peered at ^larib from a distant hill. 

Under dies* circimistaneea, St is no wonder that our kitowltxlgv «f 
these kingdoms is scanty. It m largely derived from Gret‘k occoutite, 
and from the (ranalattons of inscriptions—some copied in the cities 
themselves, olhci's photogra[>licd and copied in the Iraniu'a khLseum 
at Sanahk, and still others brought out to the coast at Aden, Other 
objects ill tile Iniam’lB Muficmii' hastily oxiuuitied by the aiit lior and by 
Dr. Sohlobios, contribule furtlier evidunce, Tlic l*Cftbndy Museum 
of ITarranl University and the Semitic Museum of the same itiatit ution 
have small imllections which await competent study. 

’Wlllnfl, io». 

^Thf’ lllffiry wtit'fh nwrll Ot IW* p*tllan Ip T* Lirgnt^ frft» 
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Despite tile paucitj of mformation lutd the gieitefal lack of mierest 
In this most iiujiortntit flelJ, Imking ds it flora (ha cmliutiuits of two 
nnctent worlds, the trade of tlie forj^r fTnurisfaiiS. The ntro visitor to 
Ssnn*a is liesiegod by dealers in siatnettes and inscribed etones, some 
blatantly poor and new, others clever and dlfBcuU to deteei. Silver 
coins of the Sabaeans, however, are abundant* and a drug on the 
numisniaik market. 

What do these objects so far found tell usf Their surface messa^ 
is dear. The kingdoms of soiiSiem Ambiu, like that of the Nabatae¬ 
ans farther north, were in contact with the eJitire ancient world, from 
Rome to India and jierbaps beyond. Objects of Roman, Greek, 
Egyptian, Mesopotamian, and Indian manufacture abound. Scarabs. 
ainiilctR, bronze Statues in tbs Bcman manner, dmgon-feet and grape- 
bunch omainuitatiou in the Syrian and Byaantina manner, and 0re¬ 
dan columns ail witne^ the c€|wcial linkage of this re^hiR with (ho 
Muditcrratiean. Hie names of god if nioiiotonously mpeated, the abitn- 
rlance of seated votive idols anil ex vntos, from phalli to oxen, iiidirate 
a davotjiin to religion and H belief in divine cures. AnitiiaT llgurincs 
show humpless oaf.tie of the long-homed variety, UIta ihona uf Huttan- 
tot Mid Galls, dromedaries, Itorees. ibexes, and gazellca. 

Bronze is tlws common metal, iron rarei gold and silver are not scarce. 
Alicrolithic flakes of ornamental greenisli stone and of olt^idian were 
apparently nEed as cutting tools nnd aa atrowheads* along with nietah 
Palettes indicate the great use of mineral cosmetiar* as in predynostic 
Egypt. Statuettes and bas-reliefs show the skirt or brocebetoul to be 
the common ctistumo. The sculptural level in purely native art is 
not high enough to give us an accurate idim of the. racial type« 
present, uxcept that the people were undoubtedly white, had prominent 
noaea, and thiifc the men wore beards. There i» no reason lo suppose 
that they were any different mciaily from the Mediterranean Temoni 
highlandera of today. 

Without question a careful atody of authentic South Arabian archeo¬ 
logical specimens, even tlnse removod from their context, as all 
those avoibble are, could do much to eolve the problem of the contacts 
and influoncsa of Uuscjvilieatioti. But such t> study is yet to bo made, 
Emm the iitBcriptiou.i, and from riassjeal ami Arabic doctimente, we 
may build a ^erond picture—(hat of the ethnography of these king- 
don is; their bouitrhirjea in time and space, their eocinl stntetures, llieir 
religions pracTiccs, ntid their economic life* With tlm aid of the prodi¬ 
gious Bchoinrship of Mclsen and his asMoiates, wn will proceed to 
discuss tiu^ in brief. 

It cannot yet be determined with any accuracy when the South 
Arabian kingdoms were liret cfrfabliftbed. It la known, however, Uiat 
Ma'iti was probshly tlm oldest, with K.itabati poihajia nearly oa old, 
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white tli« Stihiuaft kitjgilom was. mlativeJj speaking, jraHtig, Tiuf 
hialorj' «* soutlwrii Arabtet a* an bniwrtjiiit ci^jiter of ciTiliaatwu. 
may have stBitwii Iwwevcr^ jts varly as 1300 B, C. and it continow 
until the time of MoliiunratitL A more LOiisertraLive, but otherwise m 
no way preferabte, dale is WO B, C. 'i^liiduivvr of wLstovor date one 
ncccptst, there win lie no doitlA that this cultural eiueigeiiw was pre- 
reded by centuries ol preiiteratc, in a atiw predynaatic, agriiailturel 

civilitaiiott, . , 

At home chronological point lietweeii the two mentJtBied, 

southern Arabia came into prominent as a highly dviUacd agricul¬ 
tural region, llouriabing near the source of the inrense trade rowt«, 
wtiich went up from ibe Hadliranisut around iho wesiom «dgo of the 
Empty Quarter to llekka, Medina. and tlw p<irta of the eastern Medi- 
terraucan. It o Iso scn.wd os tU e princ Ij la 1 or only route by which gooite 
from liidlA were transshipped and cnrrieil overland. This trade poai- 
tiem was Iiighlv artificial and depended almost wholly uiKui the sup- 
presBiou of the ep:i route up the R«l Sea, iVhen this was Ojwiicd, in 
iho second reniury A. the kingdoms of bouiliem *Uabia fcJl, am! 
tlui country lost ite iuipotinuce to the world. 

Of the four kingdoma, HaiUiramaut aloue produtrod incense, winch 
iObo came from Dlvofar fnrdicr I’lm thrw lay on tiie trade 
route and served as caniei's, thereby collecting their '‘cuts’' from tJie 
ridi trado prulita. A tear of incense tefiin, of ticgligibte value on tlio 
tree, luui been doubled and redoubtei many tiniea in price before it 
readied Uioiteditorranean. This ancient racketeering was baectl upon 
two sound ectuiotniG principles, as vnlid now as tlien. tht that 
of tlir monopoly, and thu eeirond, chat of bought protection, in which 
the Arabs and desert jieopte olsu-wLoro heva long Ln^n cipci-ts. 

The Minaeaii kingdom, which was apparently ihe oldest, hud passed 
its iwriwl of eUtJiteceiice before tlie ShWjuis began. It was alao 
the narthaEmiu)Sitj located in the Jauf and Ncjran, with Ma'an^LtB main 
city, Niclbcii believes tliat the basic elemcjita of this idviUzafeimi caiJn* 
from tha coastal strip along the nurthern Persian Oulf, which the 
Arabs call Bahrain, and tha Babylonians called Magnn, Acconliiig 
to Nicteeti, Ma‘Bn=3lagan, with tho ‘nin substituted for the Baby¬ 


lonian G, , , ■ 1 • 1 • 

Tliere were 20 Minaean kings, covuring, [n their oombmed reigns, 
a period ol at least 'JOO war?- Thu oUler tK'timate would place the 
Minaeau period from 1300 to 700 li. C.; the younger, from 000 to m 
If the alphabetic msoriprions from Ma'an go Imck to tlm nldeet periotl, 
Uien the youiiger dating is the more likely, sinoe, in the Sinai regiou 
and nortliera Arabia, alphabetic writing does not antedate the first 
milloiuiiuiii. Tile age of the Katahiinians is also m doubt, but in alt 
probability their kingibmi was roughly conuonpoiraneous with that of 
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till' Mluaeaufi. At whnt t iiae I]a<]lir«Diaut diniignl froni u imik 
to a kmgdom is not known. ^ 

'llie Sabaeans appear toward tho ond of tlie Miiittcati reign, pertiaiid, 
as Nielson suj^^^ts, from thw iiortlmm Arobiiin ilanf. Thej* wow 
(lorliaps also oaiiM^I nomads, who catTicd tho trade for the Miiincuos, 
and who, later hating decided to take Uuur shore of the busmo^ di¬ 
rectly, established a duncuun in thu sontbt grafting tiifimscltes on tbs 
luirtlinni pi»rtioii of what Itad been ICntabanion territory. Tliere ow 
two S&haenn periods: the earlier, called the Mukarrib (xtriod, to whiclt 
die king bore the title fniutam'^, which mdicaled a prlTnarily priestly 
office, and a later, in which he U called Tna/ife, tlie conunon Semitifl 
word for king. A parallel ttansition took piaco m Kata ban. The 
exact dates of ihcse two perioibi are uiilrecm'ji, depending on a iloating 
correlation. i*or the first Kjelsen offers lilG-ei6 B. C., 9S0-tl50 B. C., 
and Bl.WilO ft. C.,uf wltirJi he pn-fetri the middle one. This, of Cymric, 
goes with the early dating for tlie Miniieans. 

Tlie Jjiuat important Idukamb of Saba was Koriba'llu (the Priest 
of the God II), who killed 4,(XKi men in a war agaluHt Kataban, then 
tnrncd on Mu'an niict killed 45,000 while lalting tW.fk.lO prisoners nnd 
31,000 head of cattle. At the same time liis army laid the Sejriin 
country waste, deetnoiyijig Utt? Minneans forever. Two Asyrum in¬ 
scriptions, dated 715 and 1^5 B, C., respectively, serve to tocata tlds 
Earilta-Ilu acciimtely in time. He gavo presenti to King Sargon of 
Aesyriu, olthmigh ho was in no sense a rossn] of tlic [riltea' jncfnarch. 
The dilficnlty in piriiiitig the entire chronology to him is that tlierr 
were several kings noni^ Kariba.f lu, imd it is not yet known which 
one of ihem was the great conqueror ami Sargun's friend. 

At any mte, thieMnkBrrib period was the period of rise and efilores* 
ceiico fnr the Saliaeaiis. Ttiey e^ahlialied theniMlvcs drJtnitely as 
the principal )»opto In soutliom Aruhia* for after destroying tl» 
Minueans and crippling the Katabiniana and lladhrematitis, tlicy 
tiimod to offer these two latter ijcaeo and ullianw, wliieli mnsi have 
inildied a Bnbacau hegemony. 1'lie mate rial high point of this period 
was the erection of tlit! great dam at Marib, wiiieh provided irrigat ion 
water for the whole section. 

From about OilO to 115 B. C., acconlJiig to NiolamV eorrelstirni, the 
Salaicaiia rontmtied to the dominant people in tlip Incense ami In* 
dlaii Iradeu. Tills was tlto Malik period. bi 115 B. C. their nai ion be* 
came tlie dual kingdom of Sahji and Dhti Raiikn, with rival fomiUeB 
arising; the UamdanIs.ol whom tliere bs^l an entire tribe In Ytuuen, 
and tiio Uiniyariifia, who were only a single noble family, although 
their name has erroneously liven preaerved as the title of the wliok 
South Arabian oiviliaatimi. Tim ITamdniitt were cetiteml ut Marib, 
the Himyaritre at Dim Ibidtm, From i!5 B. C. to A. D. 2T0 these 
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two fMmilics joekcye<l (sadi other obout in tboir strug^b for excluAtro 
[tower. 

Thu inter historj’ of sontiteni Arabia, toitil the arririil of lelam, k 
rplatively weJl kiiowii. In S-i B, C. Aeiinft Gnllus J«d on expedition 
to conquer this wIioJc Bcotion, kniiwii to the Btittiatis as Aiabta Felix, 
but die Romiiiw never got thetts, Somewlwre hi tlm sands n^r tlia 
>rejnui tile majority of them jicrished, and tliose who mirrivi«i at 
this point turnod back. About A, D* tiTO tJie Axumito Ethioptana 
eonquereil Arabia Felix and mtial it--tiiey were Chriadans and act up 
bifih0[i9 and bkliopnes. But by A, d/sTS^ apparently, their rtiio 
bad come to an end. The Axiintite:^ themselves wer® tlio desauulaiits. 
iti whole or iit part, of earlici- cniigrauis from the Tladliraiuaut, who 
hod earned Semitic civilisation to Ethiopia and there becutno 
Christianized. 

Ill A. n. 4t& and 'ffiO llie dam at Mnrih bursil twice, washing out tlto 
valley and ruining ogrieuliure, and at tlita limo there miiai Iuito been 
a mass exodujL Purlmpe it «■»» at this i.Lmo tliat the region of Sana'a 
beraiue tlie nucleus of Vemon, The later kluga. who ruled liefoiti the 
bursting of the dam, were in many iiistanove Jewiali in religion, and 
the strong Jewish colony of Yemen luul befurc then lieim fouiiiK*^!. 
In A- D. ^>25 tlio Ethiopians retnrtied, and in A. D. 57b, tlie birth year 
of Mohammed, tliu Ethiopian viceroy Abmha, who niled Yemett, 
organizotl on expedition, roounicil on elepliants, against Mekka. ITiis 
expedition soon come to grief, however, and in the same year the 
Pei-?in«» conquered the country. In A. D. G28 itis lust Penatan gov- 
enior larrame a Moslem, and Arabia Felix was ruled from Mekkn, By 
tJte lime of tlio exUblislimcnt of Islam in Yemen, soiicheni Arabia luid 
lost its earlier importatice. Tliis woa due to tlie break-up of the over¬ 
land trade, caus^ cliieQy by the establishment of [lottg along the 
constal Tihuma by the Ethiopians. Before this time we hear little of 
the cofu^l plain—it was eilmicatly a diRcrctit country, as it is today. 

About the political and oociiil orgonizatiun of tlio four aoiiihorn 
Arabian etaLvfi, we ha>« fruflkiont tnfurmatiun to [lertuit the reeon- 
otruciioit of at least a plausible if striking system. Since each of the 
four was organized in essentially tlie snuto way, it will uufltce to de¬ 
scribe the functioning of the best known, Saba, Here society was 
graded and subdivided on two interlocking bases, kinship and in*- 
heritable rank. Tlioso divisions wore lotmalh' expressed by the pres- 
aitce w'ithin the state of several poroUd tribes and four graded classoo. 
rite iribt! was both a kinship grou|iing and a gcitgraplitcal exptwsotan; 
eadi tribe except one wai. a cotnplvtdiy pamlkd unit, wliicli inrUidcd 
members oi the threo tower daoEieiS, in approximately c(|iji valent pro- 
portions. The one asynunotneat tribe possessed in addition tlie entire 
personnel of the higbosit class, small in number, and iiichidiiig the 
priest-ldng and his near kinsmen. 
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Tin* 6<Aie was named aftqr ili& leadiDf; tribe, aiuI tlie capital waa 
situated in tItU tribe^s territory. Tiia king was tlw representliw* of 
godhead on mrOi, the ciiief cJiety whicli h* ropteaented was the na¬ 
tional god of the state, alihotigh endi tribe kept its own tribal dirinity 
as welL Tlie leading tribe was enneemed with the {aaintRnanoe of tlw 
main temple and of shrines i thus, the tending tribe mamtained its 
politieol cuBceudoncy through a nligioiis snnetiem. 

Each trit» was hound to a eerliUn section of laud and was responsible 
for the agricultural succes.^ of tliis alloliuent. Hie in embers of tho 
tribe were obliged to remuin o» this land ntiil could nut farm else¬ 
where—there was no frticdoiu of movement from the ngricidUiral and 
I'eeidontial stondpoint- For political purposes, the triho was sub* 
divided laterally into thirds or quarters, and tribes could bo recom¬ 
bined orbitrurily for political purposes. In lids way tint genealogical 
solidarity of the tribe could be broken liow-n and muKt ovcinlualI,v have 
become secondary to the geograpbicat tio. This organiaation into 
tribes and {tuhLribea made it eaey for (be govemnieiit to levy amiies 
and collect taxes, nnd also to provide for the poor. 

Local landholders, belonging to the upper tribal class, were also war 
lenders and were responsible for the raising of cornea to execute public 
works, particuLirly irrigation projects, and to mnintoin Uto highway 
along which the prwtou* fran^ncenw traveled. Fiirthurmore, these 
tribal leaders were charged with recruiting wamore and ovemceing 
ogricultarc; for if any lands were neglected or poorly famed, the 
tribal overlords were hold responsible, 

Tlie three social dosses, aside from the divine upper crust, are desig¬ 
nated by the os yet vowel-less words S^dn, and iJima/, For tlw 

sake of simplicity, we shall designato theeo by the number 2, S, and 4, 
lioiving number 1 for die royal caste. Niimbur 2 vias a privileged doea 
of tandownera, wiih the feudal righla mcntinnnd earlier; rnmilwr 3 
formed tlie moot numeroits group, consisting of free landholders, the 
owners of small, individual prupeniea, who provided the bulk of the 
working power. They were farmers, paid a land tax, did military 
service, and submitted themselves to the feudal authority of the noble 
fonulies of the second ci&ss. Members of cloai number 3 were further 
aubgmded into categories by occupation, giitce they apparently in¬ 
cluded in their numbers llin skillftil artiBaiie responsible for (he high 
level of South Arabian material culture. If the modern pnmltel in 
Yemeniie society reflects an earlier condition, then the farmers proper 
mast have been superior socially to (he arttsansL The mcmlwrs of 
class number 4 were londleas serfs, without political freedom. It ia not 
known whether or not they fitted into llio gcnealugieal arheme upon 
which the tribal etrucinrc was erected. 
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An officer calbd Ke-bir^ in Grrek wfurph<p9t, preside over eacii 
tribe as bead. Tlie name itself implies that he was origimllj an older, 
and that his position wua Jetormitwd hy fumilT precedence. His office 
a-ftS portly pnestJy, perhaps in the eniliiir stages of SoiUh Arahion 
social evolutiou largely so. It was he who brought satcriBces to the 
tribal templu and ofTered them to tlie tribal god. 

Besides the lands govertied by the tribal princes, there were crown 
lands guvemed directly by the king, and the occupants of these tarri' 
tortes paid him Uses and military services, Preemnably these were the 
lands occupied by nKimbers of hts own tribe. Much of the land also 
bdouged tu the temple; ou it were priestly colleges, each with its Ksbir. 
Unis, the prototype of the modetit and its sheikh or taHb 

exist^ in pre-lslainic Saba. £v«iy minnbt^ of society, uf whatever 
cla^, was obliged to do same work on the temple lands, and tile gods 
were oflered sacrifices, u votes, and Uxa tithes of all produce. The 
temples tliemselves were built with money given or bequeathed as 
ugoringif to wipe away speoiBc sins committed by the donors. 

The dual systam of national partitionment, Tertic&lly into tribes and 
horixontally into dbissea, produced a atal* held togedier by religious 
eanctioii and by a specialiaod conimon econoinic ptirposo. Exactly bow 
the curavona were organiaad, and who had control of the road taxes, 
wo do not yet know, but the technique muit have fitted into the system 
already described. 

One can find a number of parallels to this tightly integrated and 
overtly stratified form of organization. In various parts of the world. 
The tnea systeiu in Peru was basically similar, and that of the Axtecs 
was, at the Lime of Cortez, assuming a similar form, while the geims of 
such a sy»tiem may be hnmd in the tribal urgonizatian of the Muskho- 
gean peoples of the aouthcastern United States. In the Old World, 
the Sumerian and BaUyonian systems wore not radically dissimilar. 
In 1^'pt tlie diviuily of the king and the role of the nomes and 
nomarcha might be considered paralleL Tliecoste system, with occupi' 
tioual segregation, has its parallels in India, and moy Ihoro go buck to 
tile lime of the Iniiua Valley civilizations. Thus tJm lechnicaJ perfec¬ 
tion of the South Arabian state, as exempUfied by Saha, is not surpiis- 
uig, and its form relates il lo tlie whole string of civilized cumumiittiea 
ruoching from the lliJe to tlie Indua, 

But like ail otlier eystems;, no matter how perfectly adjusted, U was 
susceptible to change. As the Sabaean jmwer grew through militaiy 
eonquwst, the importance of the mUitaty ulemcnt naturally increased. 
A subcasta, called by the consonantal sequence 'Khtm, aniee from the 
middle closo, lo parallel the Eshatrias in India; this was a strong mili<' 
I ary cosle, whieb came in later jieriods to cut avroiui tribal tinea, and 
develo|N>d into a strongly uiiifiad group which wielded great political 
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power. ItB rise wiis perhaps comptmiblo to that of the Nasi partT [n 
laotlcrii Genuiiny, wlioae begituiiriij n-a.i niidiUe class aod tlitjiwl 
with tnilituy «<mccptfl, Nei'dliss to say, the rise of tltis fosciist miUtarj' 
close wns eutirety o Sabeesii phenDHienun; die power ood imilntiTe ot 
Miimeaiis und B^ubanioits had declined long before l(e inception, ud 
we know ton litdc about the kingdccn of Uatthramatit to make cap)' 
parisDiis in iliat ituurtcr. 

The Katuhaniims, as a matter of fuel, wore more dcnKJontiirally ^oV' 
eroed th*ti the Sabucans^ for each tribe hod a cooncil ur assembly of 
landownerst this was distinct front the pamlJel council uf nuhleiitim; 
thus, itie KalubaniatiB had a bicatiicral parliamentary gnventmeni, 
with a House of Lords and a House of Cotmuons, with the king in tiu) 
supreme position, <OTor botlt. This system may well have been the 
early political fonnula of all of the South Arabian stales, lasting 
through the ilukuiTib period in Saha, and replaced during the Itfalilt 
period by the feudal system above uuthned, evmtuaily to be thrtnd in 
turn into tlu' diade hy ihi* riee of the nnlitary caste, and of (he rival 
warring fumiiioi of Kmyar and Homdan. 

'Hie religion of sutillwm Arabian states, so iutimatoly cn- 

Lwined with tbo sociol and political structure, Is not eas^y to reoon* 
struct. Mualems ara notorioiisly loath to pve^ervu iradiLiana of 
earlier paganisni and like to garblo what pre^IsLuriic liistury they 
(Hit-mit to etirrivo in BiiudirtmifiUo terms. Our religious stiurccB, 
tlisii, am confined to llm body of mscripliotis so far published, and a 
fow oiiperficia] Greek oUtiervtitiotia. xVlthough to campetont Arabic 
stihohirs-the reading of tlio soathem Sejuitic inscriptions ia not difli' 
cuJt,auic<< tI)D alphabet, may be letimed in a few Luura, nud )ba graui' 
mar and vocohulary are hasiuLlly ibo suuic, Uio knowledgt-' of this 
ivrititig passed out of common circulatioii erajo after tlio Talamic 
jwnet ration hrougitt ■ new Semitic apcech and a new ul pi lb hot. In 
the teiiiJi century Ahii Mtdiamiucd el Hnmibni could si ill read (lie 
idd iiUicHptJoiia, so we know that the knowledge tmd nut, in his rime, 
completely died, 31c wrote 10 hooka idM)ut the olden timea, of whtcli 
cuily ’ii aurvive^ 

Tlio inacripttuos euiiaisl largely of ibe uouica of gods, of which 
over a bunilred aro knowtu Many of lliojii are altributo names, ancli 
08 Wiuifl, hivo: iruGj; and thu Coniiiaesiouatc, which 

passed over into tsbrnic Imiiiiiology. Deludes thceo ore a number of 
animal names: llio hull, the horse, tlie ibex, the sTJuke. Gthers ore 
idnithip terms: father, patemnl uncle, liTothor. ntolher, etc. Still 
others eymliotixo (ho omnipatoiico of the god: /?aV, the rtder; amt 
Ifd/ZAr, the king. iVraonnl names of individual men urp ofloii of tlw 
"Slave of the Compabsioiuite^ prc-EsIaitiic prototype of 

'Alai er>llah(nan, mill similar (led ir a tiny terms. Thrro is again a 
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class of god Qiinws which incljcatc trihul nfBliatioti, tlis protector of 
sudi BTid siu'h A trilw, or paternal uiide of such iiuii such a tribe. 

Needtusa to Ha>% ihi* iiiuUiplication of pad mioics does not imply 
on Mtcusivo polytlieifiiu. All the nuinrjft oil tl'O godsi bovo Ix'ina 
reduced to throe t tlie Suiif the Moon* and the Vciius StaJ*. Ihcsc itro 
resfxjctivclj' represented in sculpture as ii disk^ a crescent, niid an oigiit- 
pointed star. Eiicb of these three had many fnnctiona and aUribiitea, 
each willi a nojnc. and the reduction of these to three is only axct^lial 
by the Islamii; heaping of sit fltrribiito munes on a single divinity. 
Although there were but three gods, entdi might bo worshiped sepa¬ 
rately in diffemit aapecte and under dilTereTit lutnie}; thus the tribca 
were still ehle to possess ftcrsonal divinitius* Tile fituto grxl of tlio 
' Minaenns was WaMy that of the Katahaniana ‘.1mm, Umt of tJm Ha- 
dhramis and of the Sabaeanjj if iiwiflA. All were the m^n, 

Tlipre wero no carved imngt'B of these three—the Semitic tabu 
ngaiiiBt graven Lmagest while by no means generally applienble, was 
in force ill regard to the dirinitics thomsalvcs. Whai images wo 
find are of fMiOpk. Theso gods, however, had grebes or resting 
placesi in die form of crude atones, such os itie Ka'tibti itself. The 
suit mts a womun, and the moon her husband. Onw a month, n( tho 
time of conjimctintt, tlisy lind atitiial intercouriieT the stars am their 
children, and of these Venus ia tlie inrBl important. Tluise start 
eveniuiilly liecAino angels; people and ntiimnls sra ithjo the cbildren of 
tlio gods. niu% a direct kinship connection eii^ti? tjelwecn this di- 
vino ti-inity mid mankind, with tho head of tho Elute acting as tha 
^niliol and eonoentration point of godlicad in man. 

Among tin) northern Semites the sun was tho moat Important, aa 
tho proniotor of fertility in vegetation; in southern Arabia, where the 
sun is too hot for comfort, and ^corelws and wltlnsTB, (he night ia tha 
time of coolnesa, and, in the moonlight, tlir time for travel and work. 
Nomndfl ti avol mueli at night, and the moon with ils phases gU’Ca 
them their yurd.stick for niBUSOting time. Thus, whereas the aim wit. 
iho importmit Rwl to Ihc norilvoni Semites, the moon was Bopnune 
among tha w.tiitliern gruiips, including not only the sonthern Arablu.ri 
pvopite, but aisn the pre lalainic Arabs proper, who Uv«l rarther north 

in the peninsula. „ , ■ . t 

Thu god // or /foA wiib originally a phase of tlie lioon God, but early 
in Arabian his 1017 the mime heciimo a general term for gmi, and it wna 
Ihia (laBu- thiit the Hebreiva iifiwl promiocnlly in their peraonal name*, 
fiiieh us Emunu-el, Isra-ri, atCn tutlier Llwn the Ba’ul of the northmi 
Seniitcs prajicr* which waa the aim, Shnltarly, tinder Mohnmmwle 
tutelage, the relatiwly ationjmoiw tloh becomo At-Ilah, The God, or 
Allah, tho Supreme Being. 
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Wo know campctratiTely little ftbout tke fechnifiae of sacrifice pm- 
ployotl in vrorehipiim the^ tliviniUcs. Tlie temple was the great 
econoniic nucbiu of emcli tribal rtfgioii, wiili wjvcreignty over ita own 
gmuntls and fieldjs, and it wn« ruled bv its bead priest with hie troop 
of ncoiytc?< To it oame worshipers benriiig votive offerings, liitk 
stottiettee of gold in the forms o1 niilnuh and men, brougiit to tlht 
god as instrummis of supplication lor future favors and its rewards 
for intervnntion In responso to a previous oath. Models of arms and 
logs represont the divine curing of these limbs. A Greek sonrea of 
the ftftii century A. D. stat^ that the Himynrites sncHJiced the choicest 
of their war hotitv in the early tuomiug Ughi, to Vouus in his role of 
Morning Star. The most import ant sacnitml victims were the hand' 
some young bc^s who had beeit led to the temples ita pri^mers. Tlie 
same source aUo infun)i.i us Uiat other triiies wnr^ipeil Venus in tli» 
role nf the Evening Star, mi old miin, and cousMpietitly rendered iiitu 
old men in sacriflee. 

It tapottsiblo, ne Kiclsen Las done, to fit this whole rcltgioiis system, 
as we now know it on the bosia of incomplete evidence, into the general 
Semitic scheme, in which tlie four kiagdonts of southern Arabiu, and 
the norlhcrt) Arabs as well, beccane tb« southern bnindi, and the Phoe- 
nicii^, Babylonians, .\ssjTiniia, etc,, thw nurtheni, with tlie Jews 
playing a mised role. Whalever tJw ftniiings of tiie teamed school 
of soutiuTn Seniitists in Denmark and Gerimmy, we must, as these 
scholare would agree, still await esom-ation and a thonuigb itniti- 
gntphir and typnlogical study of remains on the spot before any of 
the problems, religious or otherwise, which concern ibis civilization 
may lie finally settled. 

For the present purposes it must be considered siiffkient to havv 
presented the foregoing brief and unscliolnrly resunie of the work of 
NielKcn and his associntea, m a summary of presem. knowledge of this 
inUmsely interesting jind imiwri ant nndieolugical problem. But wen 
tlie short newspaper necounl of Philby% journey, and Hellfritz’a uncrit¬ 
ical hegire, as well as the oltscrvatiotis mo do from tho air by the French 
aviators who, in 1935, flew over some as yet unidentified city, (iirtdsb 
their contributions, us does the equally unertUcol iuspectiun of the 
Imam’s Museum made by the author. 

^ IVb know now that the inXIuunco of tlm late classical world on the 
tikibacan kingdum cannot las nverempluislawl. Greeks or Byzantine^) 
must have been imported to the Suhaeaii state to make statnea and 
c^rvB stone. In earlier [Uirtoil^v, Egyptian nnd Mesofiotaminn tnflu- 
vticOB were equally important. Tlia South Arabian cities were com- 
ineretal meiropuks of a cosmopolitan chitracter, grafied on a gimpl "'' 
ngTicuttiiral slate, in which imported gtxjda and stylea probably wore 
more important than those which were more nearly indigenous; 
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Tlus cfiMiJopuUliin diaructef is revcjilcd by thu jiitiin) of tins objwls 
found in SulHean mimy of «liidi ato too larg? to beMi 
unitott^Jtl and must haTe been made by twv'dinu workmen. Other 
things reTBftled by recent fiuiUiigH ntti Philby^s diatwvery that Shabwa 
itEelf, Blthovigli tbnkwl by rwddenUal suburbs, was u snittU, walled* 
city nucleus, scarcely 300 to 3fl0 yards wjua tv, bt oontrsdict icsn to Pliny s 
staUuneui lliat the city alune contained 60 tenijilaa. We now know 
for tlw first tiitifi that the salt depowta at Shaiiwa, which are still 
worked, formed a major incentive for the location of (Ho city nt that 
spot, and Uiat prosaic salt shared llie trade with the mors romantic 
fratikincenst! and mytrli, TITo also know that hlarib is surrounilad by 
submerged volcanic craters, wliich, Philhy Sitggt^«, may iiave espied 
at about the time of the dcatruclion u£ PoRii»ii, thus weakening or 
breaking the famous dam. Through the djligeiife of this sume 
eaplorer, we are introduced to n new city site, Ckhdud, in the Wady 
NejraD, a step farther north from the hlinaean center, and the Mat of 
a blaliopric in Christian times. 

Much remains to be doiW!. The ftdJ of BOUthera Arabian arcbeQlogy 
is about to upeti. Let mt bope that Us miroeultius preservation past 
Uia period of trial and error in archeology daewherD may permit slow 
and careful excaviitlon by pro[>erty qualified persons, trainwl in ado* 
quate techniques. I^et us furl tier hoiie tluit the princes and kings who 
control these sit» will continue to tw well advised and will refuse 
permits to tlic seitsutional and the Inoompetent, following the policy 
so ably expressed by His ExceUeiicy Raghih Bey, Foreign Minister of 
Tenuui, wJio feels that some important remains should ha preserved 
for the andieologists of the future, who wit] have developed tochniqvtffl 
of ofalainuig scisnliftc infomiation unknown today. 
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imu IX riMirtt 

Si'ttltchid finilB in Midrllii, nnd SuittJi Aitwrica over a perin! 

of havo added materinlly to the gimviTig Imly of eviikniDO fur ati 
occupation of the Western Hetnisphere in reosonahly atidcnt times hy 
peoples who, judging from thoir physics] characteristics, migrated 
fmiii iiorllicasiein Asia and Lecama tlie b&idc aborigiiilil popillattem 
of the New World, In compitrlsott with (lie remains of Inter licriod^, 
traces of liio early indisu are for fniin numerous. They are suftlcvent, 
imwQver, lo demoitsurate litat more than chsncn cccurtimce^ are tn- 
rulvcit and to justify the belief tliat furtlier inveatigntlmifl will increase 
knowledge sbotK phase of the pte-CdJumblan history of the 
Americaii. To iiiuue and describe sH tlie discoveriea ped nining to this 
subject (ScIlardB; 1D40) is beyond die scope of the present paper, ft te 
po^ihlc to discuss ojily a few of the recent and mote itaporUuit duds 
Slid to mnsider Uteir bearing on tJie prubletua of ago nitd gcTieral 
viiltursl status- 

SOHTQ A^tEIirCA 

Begitmlng in IPSfl and continuing tlirough sultsenjuent years n series 
of discovaries in North America yielded erideiioe. now gsnonilly ac¬ 
cepted, for a comparslivcly esriy occupancy. These finds consist^ of 
SKSOristions bolwceti stone artlfscta and the bones from extinct -apeciiw 
of anininlR, of stone tuiplenionLs and hesrOia occurring in strata of 
identifiable geologic a|^ of esmp sites located along old terraces and on 
the shores of takes long riitce dty, and of hiunan bones Incorpomted in 
deposits of geologic significsiice. The tuaterisls from sovoriLl of tiiose 
occurrences eecm to be oomponenis of compleaea from the some or 
related cultural groups. In other coses the colloctimu are from slnglo 
sites vrhicli Apiwar, in Uie Si^it of present infomiaLlon, to have no con- 
tioctioii witli those found tlsewhere. The evidence derived fnuii com¬ 
parable artifacts occurring under simitar conditions at dificrent Eoca* 

'llrTlPwL iIh! ailtlltidD ma» nww niiln#ll ibil nfMltbtliini, tlraib tQi" linfe!|b 

f&f m in th* to Act* Amftriaui*^ toL 1, Kov M, 
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tmns bt mor'f' convinciTig, of course^ tJittW iliat conn rig from only (me, 
A munber of thft rliua far tniirjue discoveries liowever^iiave coiiirihnted 
viUuiible wifonmtion. 

Tlw mofir widdy ilMribiited nod probiilily ilie best kno^vn is the 
Ffjferim Coinplejc (Howard!, IDJHI; Holiertat IPMj 1B3D), Tlie origin a I 
find in itibt cAtegorj w^iui oiailo itear, and took its. nniEio fromi itw littlfl 
Lcm“n of Folsom in nnrtlwistem New Mexico* T!io Foisoio Complex 
ciinsists of H variery of stone and bono artifacis ocnirrmg in deposits 
iiidicAtiveof some (tniiquity and in association with Ixmes from extiiKJt 
^[jeeios of uiiiuial.s nr from forma not now living in Lbn refpons where 
the fiiida aria made* Thn?e types of impleniunt^. the proJwliJe points 
ami two kinds of stono knlv^ are etiaraderist ie and muy be cmif^idered 
criteria for tin- complex. TJie additionil varieties of stone toob gen¬ 
erally fonnd acrompanjing iho^ three tjtiee d^o oeenr in other com¬ 
plexly a.nd for the mofrt part are too obiqnitouB Itolh in time und ^^ace 
to hiiva sTgiijficiince. The points and one type of knife (pL 1) are 
characterized by facial lluting. There are lirngiludlmil el^muiels mi 
each fscCi extending from tlie base tow^urd the lip, wliich produce 
blcial ridgs:Er intrallding the edges of tire blade. The second !yp« of 
knifOt made from tiM ttakea icmeved when ihe otlier forma fluted^ 
ifi a long^ thin,, plano-conviex blude wirli approxim^cly pamllel sides, 
Tlie kniv^ and one series of the fluted points were given a fine, second¬ 
ary chipping dong the edges after tlie ctmniiel llak^ w-etfl stnirh off 
the faces of tba blade. 

Other points, iilibniigh fluted^ tend to be mure generalised in 
character (pL 2), Tliey do not allow ns careful workmaiialnp, do 
not have tlta perljihera] retouch, and arc larger* Tho rcUtiomihip 
betwfitn the two fonus and tho reasons for their diSrrr^nces have not 
yet been determbed. Various explanations have stiggested. 
One h that the larger foims repreaent an early development of the 
Cj’pe. Another takes the view that they may bo a degotiernte and later 
survival of the better-chipped, fonttp Siill diffiuf^ni is lUe idea that 
they were used in kiJling large linimab. AIjsOj tlkere is the pi>&EibiUty 
that tliey indicate a borrawed technique in the metliod employed in 
the manufacture of points, a teclniiqne that wus never fully mastered 
by tho^ who took it over. Any one or all of these postulations might 
apply in greater or less degree iindEir varying circunistiuices. Definite 
BlatcmentSH however, arts not warranted without Ppcciiic prtsof. The 
poqioeo of the fluting enn only be amtniseil It would fudlibiEo 
hafting, make for cosier pnetratjon, wcinld probably Etimulute 
ble^dtng in a wound, and would tend to promote an inward working 
of the point If it wna broken from its shifts Tlie makers may have 
had these or ^ome other end in mind. That it was functional rather 
than notional scema likely because the fluting we 4 ikencd the point 
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imd luiiio it tDor« liable to breakng^ hence ^ould not have bwii done 
without good reaaoiL 

Aoimiii honea with wludi Folsom implemwita frequently ore 
ciai«i are thot« froiu bison, the miutunoLh, large American camel, 
anielupe, eihinet ami living focmit of the musk ox, giant sloth, and 
the native horse. The mammoUi, alotb. camel, horse, autelupOj and 
kinds of htflOii reprewnted aro tto longer in North America, and the 
living tT|)0 of musk oi is now far north of the area wbere the archeo¬ 
logical specimens uro found, Bunesi from aiiimiils still prewiit bi 
various part* of the coijutry also occur bi Folsom sites. In this group 
lire mbbit, foi, tvojf. deer, and prongimni, species that have changed 
«o little over n Jong pcrioil of time thut they luive no bearing on the 
problem of rflUtivo age, Seine of the flilea also contain, invortobmte 
fosaiLs tia well as mBminai r emu ins. Incl uded in this nuderial are 
species that either arc extinct or no longer live in the districta where 
such asscmhkgea occur. Wood, in the form o-f charcoal^ found in 
bearitia und accompanying the bones has u similar atatns. There is 
good mdicotion of a cl ini Stic change and ilio lap** of an appreciable 
lengtli of time in llieso mauitnal, invurtehrelif, and charcoal remains 
from species nornially found in a colder and moislar envimmnent 
tiuin tliat prevailing torlay. 

Qood geologic Bvidence to augment tliat frt^m the fauna and flora 
mts ubUiitieil from the uJtt'arations in three main Folsom sites, Ihv 
animal bones and iirtifaeis at the original Iwstioii in the northeastern 
corner of Now Mexico fpL 3) came frmn a stratum of dark day wii- 
mining gmvel Jeiifees and Bmiill concretums of I'lino, u deposit left by 
on old bof or watur liole. Eitending several feet abovs this layer 
were sediments consisting of highly restnitified eartli that liave been 
identiSed by boidd geologists as belonging to the clow of I he PJeuilo- 
ceno or last ice oge and by others as representing early Recent. All 
agree, however* that iJidr age dowly approsimales the transition 
between tlie end of tlie Pleistoeeno and tlm betriiining ol the Recent, 
In the Black Water Drew betvrren the towiia of Clovis and rortules, 
IBO miles sol I til of the Folsom site in CBsteni Non ilcsunJ, the aa- 
semblage of bones and ctilturol material U found in a hluiah-gray 
deposit thnt is believed to be the bottom of old luko bnls tliut cor- 
relnte wUli tlm high-water attige of ancient Il^Lke Estanda locatc^t 
some distaiueit further west I Howard, lfl35; Antevs, t03.*la), Oni- 
eral opinion is that Lake E.<*taneia waji at its niaximiun durtng a plu¬ 
vial period when tliere was much lieavicr precipUittion and tempei'a- 
turce Tvere lower, on era correstixindiiig to the final stage of the Ploifl* 
tocone, and the bones nm! invplejnetits are regarded as dating frtini 
that lime. At the third site, the Lindenmnior, north of Fort Collina 
in norlhern Colorado, the sil nation Is jsomewhat fliffcnml. At that 
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loCBtiuQ tilD f wmaing (jccUr hi die ilciNMUtS of ve^igi^l Villle}; bittLiiji! 
tliflt iiita UJieu lU) die ii^pearuiice of o tvi'me*- tii restiJc cif the erMlitig 
of the ridges that once burden>d its muthem side (pL 4, Kg. 1}. 
ijy curreJatJiig Uio occupsdon Jerid, 'which is Id the bottom of, gft 
just below, & (Jark-soil zone that was formed during a wet cycle 
()>L 4, Sg. 2j, wiUi lIio tcrrucca of the main dmuiago stieame, imd 
diose, in turn, wtUi triices of gluchU stages in the momitaiiifl on the 
weed, it nun dcnioitstrstcd dtat die peritMl of die archeological re¬ 
mains wns near the diK»i! of dio Pkistuneiie (Bryan and Ray, 1840). 
.^^ppraxinuitely the same geologic boriion is ittdioaLed in all thrifo 
case:: and this is coirobiratcil liy eyidence from sereral SDoiller sites. 
As a consciquenco the belief that the Folsom Complex developed 
to wal'd tbe end of the PleieLuocne or late glacial period imd carried 
over into the beginning of the Bfcent la now nnire or less generally 
accepted. 

A tuajority- of tile Folsom rutnains and sporadic traces of die cotn- 
[•Icx are found iit ilm rasicm part of tltc rtmtinonh Some Lave been 
reported from tbe Great Busin^—the plateau area romprising wcstoni 
Utah, RifBt of tba State of Nevada, atid soutlieautem CalLfortiia— 
lying beiwcen the Wasateb Momitsina and the Sierm Novatlits, and a 
few points have been found itt northprn CaUforsila wiiem there is 
oua p<isiib]e email site. Musi of ilia ntatcrlal, however, is in the area 
extending from Alberta and Saskatchewan In Canada on the north 
to etmthem New Mexico in the south, from the eastern elojieit of the 
Rocky Mountains on The west to an caetem bolder that foUowfl 
roughly dm western boundary <»{ dip Dahulaa, etite nciniss w'(.¥i.<>m 
Xobfiifika, Katies, Oklahoma, and ibence into Totaa, wlim it turns 
costwarif to tlic Mi^siTsippi River. There are iiidicationa of anmllac 
in 111* region aruima llie iinicttircs of the Missoitri and Ohio 
Rivera with the Missitstppi, in Ohio, western .New York, weatern 
Pfiiin^lVania, Virginia, 'I’ennesseo, (ieorgia, iml nopthtjtu North 
CuriTlina. An old medicine man in Sonoia, Mexico, U reptuied to 
carry two such pointB in his bug of fethhea. There ia no infurnui- 
tioJi, Ijowevor, onliow he obtohiH tUetii or where they wotB found, and 
tliaj have tw valiia aa cvidfuict;. The distribution of Folsom implo- 
ments implies tlint there nimit have boon some sjict'ific rei«tioiish)[> 
twtweeu the iihjiii«l eiivironmetit, the hunting ecoimniy bouia of die 
cultaral pattern, and dio period when the spread took pUre, Tlw 
bttenrill be ctmsidfifeU in subsequent discussion, as it also Uns a bear¬ 
ing tin eoine of the other tysies o f retnuins. 

Fafsir^ poriainiiig to the general stibjcd of the Falt»*lndian fnh 
quenily link another group tif poiniB wtdi the FolBoin ecries fpl. IS. 

1)* They arecilkHl Ymiut Irotr tbo county in eastern Colorado 
where the iiret wainple^ were found, Tlie two iorma were at Krrt 
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believed tp bo relnted because they iFere observed lying Uigetlier 
wliere the clay subfitrulujii had be^-ii cnjiosed by the Llpwlng mp^ny of 
■ho mrfuci! soils. Onu ty^julagkiil study based on this lURteriai iIh- 
tiwd tiie F<ils(in!i type frniu the Yuriia, while OTinthtr iMUicluded t hat 
the Yiuiifi was au outgrowth of the Folsoni. As ■ coiuic(]ui‘iico ilui 
tenug Ful&otn-Yuma luid Vumo-Folsfliiii wore ueetl fora time. They 
Imve been dropped by most writers, however, becaiiiio in- 

vestigHtlous have aliown tliat tho two types are fttMit dilTerEtlt oom- 
pletces. The early fomi$ of tiie T tiinn may have bent cotitctiijkiriu.'v 
with late Folsom Lypts, but their tnain det^'ehipuient was hi (ubsc- 
quant periods. As a matter of fdJ*t they cbiiLmued to be tnudo tn Aime 
regiiins until oltmist historic times. B^aust of this it b obvious that 
Yuuia-tyjjie points are not as signihcant as was jireviouely suppased, 
nitd their presence in a t^lltwtton may mean Uttlo from the stand [voii it 
of age. 

Sandia Ciivo (pi. 0), located in the Sandia Mouiitahie nortlieaMt of 
Albuquerque, K. Mcx.Jtas ctmirilmted further evidence on the Folsom 
Complex mid in addition CDnl^^tll^d uiateriabt that put it in the cute- 
gtity tif an iudividuu) or unii|ue tyi* of site. Three different aseeraH 
hlages of Imncs anrl artifacts we™ found in distinct les'els in Ihe 
cove (Hibben, JSJ1 ), One jnclndes cultural objccLa i hat are prohnhly 
pre-Columbian in ajtv, yei, are cornpiuatively cvcenl in origin. Tin* 
sDcond series conasts of specknpiut fmtn die Fobom Complex, mid the 
tliird group b coj»ii»osed of ardfacta that have been vailed ihe Sandia, 
The top mratum or iipiier floor level contained the recent tiiwcimcns. 
This layer of »ltist, bat gviano, pack-mt dung, and trash rested on b 
hard crust of calcium enrboinate that entiroly eoveml ntid Kalud in 
the underlying depooita. ihmentU this ‘^ffooV^ WM a layer of can" 
breccia eontnitiing the Folaom artiftictF anti lumen from btiton, mam- 
moth, giant sloth, camel, native hursK*, mid wolf. |b*h>w lltc brooda 
wan a stratum of yellow wher in which wore neither hnnea nor arti¬ 
facts. Underlying the ocKor wns another deposit of CSTO breccia 
simitar to that above. 'Ilw Sandia type implemeius and boties froin 
bison, camel, mammoth, maatcaToti, and horse came from tliis lityer. 
On tlie original door were henrtlia, One of them was oMlIiiuH] willi 
Nniall, rounded stones tbm tninw; hate brun carried from tho canyon 
below Iwcause ifiey werg tils otdy stones of that typo found in the cave. 
CliarctMl, and fragments of burned bones filled the heamlts, ami 
alongside the sUmB-Riicirclod one was a Sandia point. 

Typical Santliu poini^ the most eharurteriiitic artifact in the com¬ 
plex, are readily recognieoil liecausr they have a notch at the hose on 
one sidi! only fpl. 5, fig. g), Tlicrr are lw« main forms with gmda* 
tiuas betwi'en ilmt in aomc cases arc difiinilt to ai^ign to either cate¬ 
gory liecattsc of their intemiediatc nature, but idJ have the liaaat 
ttiaioa—IS—TT 
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Siu^ii I Ib liLniwilatfl lytr raundEKl m geiicrut 
Uii^ u Imi^t is leJiLicukr in pjttisft li^doiu ^sunilk Ijim 2 

iLSidt to be iJiortf ehingateU wiili strAiglu 

t^uncitive bujiJ&s^ lui occ^lotiut faiuiit tlunnifig pi'uilutnHl b}* the re.iiiovril 
n( A ^(irt ttukc skijige^tivi^ of xu ini;ipiesii Folsom Huttjig, ^nd n dia¬ 
mond-shaped cTOSb Eectioti* SitigliMiotcbcd points of the Sandla 
typ^ are not comuton in North Amtirlcu and only rurdy are obs^irved 
in ctilleouona, principally in from the EOtithem pixins area^ 

An i'Ltftinple of Sandia type 2 was found early in 1044 ^^'ealliDring 
out of li gravel layer near Abilene^ in a dbirict where tham ulvq 
deeply burtOil aites that intve yieldwl arlifactfi roniprinliig mother 

Umt it regardeil air being fairly old. biter wtU bo con- 

aid aro^l in detail in ^ubeecjiient paragraphs xml need not be die- 

ettssed further at tlibi place. The Sandla fortini are suggestive of the 
well-known pointe from tlio Solutrean industiy hi the Old World— 
in fact botli types liavo analogs thorti^bnt probablv w'ere not derived 
from, or related to, Lhonu Besides pmuto, Ure SoJidia Cumplea hi* 
cludea stone knives, scrapers, pieces of large blude^^ and a immber of 
grooved stone balk. The knives wui actftjKrs dillifr little from win- 
parable implmieuts found in the cultural materioLi fif other bimting 
peopli^, but Urn stone balls are particularly inttresuiig bccaue« they 
uuggejst the bolus of Sondi ilojifrica. 'Hie hitter, aUitchad lo Ibe ands 
of II tlioog or cord* are hiirl<id at uiiimiik for ibo ptirpuse of enlHUgUiig 
and catobiiig them* If usad fur o siiuilar purpo&e by the inhabitanis 
of SaJidia C3^\% they indicate s new trait in North Amurica, one that 
apparently woa eliort^Uved md very restricted in its distrihution. 

Where tlion? h no direct [ibysical conttecrion between riia deposiis 
in a cave and thnee (if known geologic agp in the surrounding itirniin* 
it ia diCicult Co make mrrelitCioii% and conjcluriona regardiug tbidr 
I'aliilionship may Iw ■^tiiwtioiiiKi. Indications durts LhaL llis bruccia of 
the l^okom and Landis layers and the jritorvotiing yellow uchar uiuHt 
ha^o been fomied whan tiiere was mudi mor^ molsinrc in the rrginn 
iliari lias been known m recent tiine«* The fauna* repnajented by the 
bones, b dmritcUubiic gf ii cooler climate, Since cool* mobc ouidi* 
tions prevailed lliroughoul this area in the phivini t>criod iollowing 
die tuax^miutu of the uscoTisiu glnciatiou and tha ctjijili St!!i i inn Lna 
not ^kcuitinJ in i^tifBciont degree to product compjimblo plienontcJia in 
tlio intervening millemiin* it-seems DirobablQ that the cave was lai^upivd 
nt Lhat tinie^ Kvidence from the Folsom aitc^ as previously muu- 
tioned, is for a line or teriuiiml Plvbt4*cene liurimii* and it is logical 
toaoppoM that tbo Foisum niaterbl in Saiidin Cave would be of rimi- 
kr Tlu^ Sunditt artifaciiu uudcrlying the Folsom as tbev did* 
would be go mewhat older yet kdong to the some general period' 

* MiiUrrd la m mrnwmninUtu frtna Or. Ojmi St, tUf, ta» iuuIat- 
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GjpEiini Cura (pt, T, lifj. ! ), in tbe Frcnfilittiein >fouutfliTis isasl of 
Lns Vegas, Nev,, nbo coniaiTied matpriftl of signiScaxiCQ { Harrington, 
11*33). Seram J cnitTTml lioriKons were repre^entwl in it? depoaita. 
Ill the top layer wore rimtorials attributed to ttie modem Pji'liU*> In¬ 
diana. Below ii were two levels iti which wore arLicIos left by groapa 
related to the Pueblo peoples of pre-Columbian times. TJitw* slrnta 
roatod on a sterile layer indicative of a break in Llm occnpatioii of the 
cave. In the dcfrosits beneath the sterlie bed were archeologicnt siiec^ 
iniens, i]uiint)tic« of sloth dung, Unirirt from the giant aJoth. an extinct 
Ejiecies of wolf, thti’v sjwciea of cntnols. and the native horse. The 
evidence appeared to domonstTatc eantemporanoity bet ween tlia 
mafcoTB of the tirtifocta and all the nnittialB except tlia horse, Al- 
Uiough there was eoJtie doubt alamt (he hitter, those making the 
investigntiona expres-wil belief that the luiinml stiU survived in tlia 
region when the eate was occupied by men and liiat they were more 
or less attiuainted with it even tijcragh they apparently did not hunt it, 
I’hia opinion ww preriicnfed on (Jic fact thot pf^dMitile points ijimilar 
to iliooe obtained from the cave, Inng triangulnr-shaped hladee with 
(Niuare ehniilderg merging into n stem that tapers into a roumlcd or 
pointed base (pi, 7, fig, 2), ore found in open sites in w-cstern Nevatla 
in etmla that also i^oiiiain hui‘se and camel buiufi. Suliaeqtient dis¬ 
covery of tlie eami* type points in a layer tif horse limig in a cave 
(Etna {.’are; Wlieeler, 194S) aljoiii 100 miles north of Gypaum Cftfo 
eonsidomlily fitmngtliens the argument ami indicates that tlie original 
aeaumption was prolwhly correct. 

There is eome dilErulty, na in the case of Snndia Cave, in dating tlie 
matnrial from Gypsum Cave. In tJi® bottom levels were wator-bome 
deposits in whidi were camel and hurss bones. Above them were 
silte left by stimding water. Tho top surface of the latter gave 
evidence of n period in which thero WiWf considctnliie evapomtion, and 
in pbeea it was solidified by miiieml substances that had been carried 
in^soluliotii The ^rlinst traces of the giant sloth were found on 
this surface and in places they wrtc partially coverpd by a stiiTagnntir 
formation. From that level to the top of the deposits the strata were 
wholly dry and gave evoiy indication of always having been an. The 
artifacts and other evidence of human occupation we™ found only 
in the dry layers, flotanical spccrmeiia chtainod from ilia latter rep¬ 
resent an arid flora comprising plants tlmt are present in the region 
today, although wnne of tliem live only at hi^cr ele^'otjons. The 
water-depofiited layens, beeanse mncii moister conditions than have 
prevailed at any mbeequent period would be rettuited to pimluca them, 
have been Correia ted with the last (rrent rise in the level uf ancient 
take Lahontiin in Nevada. This is bolieviMri to liave taken plaoc 
during the pluvial stage mentioned in the dioenssion of the Tobom 
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nnd Sandia r«omus. As Uu> «ra imdit^ Imd alnsmljr £a*l in twforo 
tliw urrh'al tJiB huiitcn, evt'n thottg^i Mteir Hp[M!ttTaiir0 ivsn cnm- 
pnrttCiv^tjr aooik iftiif ita beginnings inillitl oceupution of tlin cstv 
is lielieTed to have talcen place early in thut Hecetit portod. 

£viflence for a relatively aticicnt gmup In eouthem Arizona nna 
looiai ill V^eiiUuia Cave (pE. d) in tlm Cs&tJe Mountains (Ifauiy, 
lQ4At)t There in the bottom of appioximutaly 15 feet of deposits 
wrore Btona impletuenis flocompanyitig bones from ths native hor:^ 
giant sloth, tapir, and bison. The artifacts iviure projectile points, 
clioppeis, acrapere, and gravers, a complex very siimliLr to the Foisom 
except that the points were not fluted. They approximate the gen- 
Gtal Folsom sbape, but no attempt was made to produce the facial 
chatiiiela (pi. 9, fig. 1). line assemblage of bones and artifacts was 
in a liine-rcmcnted layer of volcanic liobris. This conglomerato, stip- 
pbrnented by other indications of water action, Ja gcaid oridonoe for 
a decidedly wot period in tbnt part of the Southwest, The eo mhinn- 
litin of hoary precipitatiun attid an extinct faima again suggests a 
pluvial condition comparable to that pfoviotutly discussed and, al- 
tiiough geologic studies iit tlir oivo bare not yet been ctliupletofi, 
poaidldy a terminal Pleistocene or beginning Recent ago. 

Important evidence beating on later developments in the area was 
also foimd in Vontnna Cftvei, Arti facts in the layers ulmvo tlie stratum 
containing the old material trace the progroas of a culluml devclop- 
ineDt from a simple bunting, food-gntUering economy through the 
BOtjuisition of agriculture and the pottety-maMng induetry and eub- 
ecquent agricultural and nerunic idnget to hi^oric times. The strata 
containing this certes rested diEconformaUly on the conglomorate, in¬ 
dicating a break t» the continuity of ocenpotion. The hiatus prob¬ 
ably represents a fairly long inteival bec'niise durittg that period 
modem fauna replaced the old animals and there waa marked rlii«ngi» 
in the types of culturaE objectfi. 

Recent erosion and the cutting of gullisa or arrayoe in the south- 
corner of Noxv Mexico, in sonthrastem Arixono, and in the 
adjocent area just across the bonder in northoni Mexico have exposed 
liearllis, arlifactsi, and other traces of human inhabitation. The 
materials from tbe» sites hove been called the Cochise Culture and 
have lieen grmi]^ info three stages or sequent phases on the baais 
of their typological traits, the nature of their genhigic provenience, 
and the associated fo^ls fSavin and Antevs, 1041). The ohleat of 
the phases occurs in ■uind-gravd deposits that ako eont^m bones of 
tlic tntiive horae, camel, bison, mammoth, and extinct wolf, prong- 
honuond coyote. Ificboiy charcoal ]» found in the »-anie level. This 
bind of wood no {onger grows in the region iks it raqiuraa ranch more 
moisture than is now availahie. The layer of sand and gravel has 
been Interpreted os being a flood-plain deposit from a permanent 


NWV PALE0*rNDUN'^—EOEiiartS 


411 


strcjsiiL, and Lhia dJsd points to tiis iiml for much hcaricr prc^ipi- 
tatiom of ibo g^eral area indicated that unlj durltig the b^i 

pluvial ivas it wet cquilgb Lo support the growth of hicbor}* aud to 
supply wuior for audi a etreotn^ Jn dotnbinatiou with tha r«TWfcina 
of Qxiincl animal foms thia factor agaiti implies a C^rminai PlatEto* 
ceno age for the artifacia. Moift of the Utif^r are grinding or Ittimmer- 
ing sUmet; iberB aro only a few kniv^ and 9i;^rB[Krs and no projectile 
points. The absence of points is somewhat pn^jciiing^ It is pa^ible 
Limt bone or hard wooden points wero used and that tlieso imve not 
been preserved in recognbiable form or have completely disappeared. 
From present evjdeitca it seems that the coUuro had au economy 
based on food gatheriiig. In the aubeoqnent etages mons finked im^ 
plements were made, nod there is sumo indioalion of n cerUln amoimt 
of htmiing. The £Homt and third fall in the Eeecnt period 

and materia] from them convlates closely with that in tba levels 
in Venlnna Cave lying between the discoEiformity and the upper strata 
containing tlm recent remains (Haurj^ 

ImplcnuDJita from Pinto Basin and Lake Mohave, in the desert area 
in ooutliern Califomia, prynctiEially duplicate thoi^ in ihc up|Mr levels 
of Tcntana Cave and tlie later stages of the Cochise* Lake Molmvo 
and Pinto Basin are formations attributed to the pluvial of latit Plds- 
tocene times;, and artifacts are found aJemg their old beadi and shore¬ 
lines. From tills it has l>8en suggested that tiie impLementg must h:iye 
bcoD eontemporaneous wiih iho ancient lakes (Campbell 10^35; Sym- 
poslurDi 1113T). Beenu^ Hub material is mainly fnmi the surfacei and 
in view of the fact tJuii aimtlar artifacta in the Coclihie Culture and 
Vcnluua Cave are definitely Itecenl^ it does ml seem tliat they sliould 
bo oaaadcrcd evidence for an early oocupalion of the district. Tliat 
people actually were in the Ofdifomia desert area at approximately 
tlie same thne as those who made the artifacts present in the U^i toni 
of Ventami Cave seems probuhlcT however, w? sporadic occurrencoa of 
Impleniimta suggestive of ibc Folsom Complex are found thei~«i ajid 
onesujipoaCH] Folsoui site has been reported alUmugh Utere are no data 
on it thus far. 

In north-central Texas deeply buried occupation levels (pi, S) | 

hearthsi and graves in the banks of various streams and Llieir inier- 
mil tent LrihulMries yield infonnaUuni and specimens Ltiat biggest rela^ 
tivaly early inhabiUticn of that region. Tlie oldest appears to center 
in the Ahihme district^ where there are i number of stretifii-tt sites in 
whicli different types of artifacts are found at dsptlis ranging from 
4 to 30 feet beneath \ hv surface (Bay, lOfiOK In the lowesit levels wsv 
choreoab crude tools of tlia heavj semper^ hand ax^ and che^pper types, 
and thick haf-shaped points thinned at the Uusc by the mnoval of a 
broad, short flake from one aide- Thw treatment ia siiggestlTC of that 
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noted fin ^omo of the Sandia tT]>e 3 points, niore may bo no r^atioji- 
sliipbetn-eeii thet™ fonij 0 ,butit is interesting to now tbat itie Satidia 
type 3 point found near Abileno apparentlv bolungs in Lhe junno hori- 
^on as tli« Abilene lype. In tbo dejxjate above occur * v^iety of 
implemenU aiiJ a iK«iueuce of point tj*[K3 Uiat are considered compo> 
neiita of a single complfix, one tlutt lias been named tbe Clcnr Fork 
(Baji RoliertO) 1040| pp. ”4—7U). 'ilio upper strata produce 

artifacts attributable to the ‘I'exas Indians of lata pru^ColiunbiiLn 
times. 

Tile implements of tlio Abilene Complu are found in Lbe top and 
aloug the deeply weatlmred surfaco of an old soil or gumbo profile 
and in ibe buttoni of un overlying series of silta laid <lo^vn by vride- 
epjytad, successive, sluck-water sheer Jlowla. 'Die Clear Fork Cmn- 
[ileSj begimiijig abore the Abiinne hm'ison, occura in these same silts 
and allows progression from lorel lo level toward tJie surface. The 
giuiibo prodJe has been identified ns Pleistorcne, The first tentative 
concluaiiiiis wonj tliat it posaibly conxilatcd with iho lUinoum glaiiial 
substage (Laighcon, lf>30), but snbscfiuent evidnnee suggests tlut it 
was more likely mid-WiBcauflin or even liter in the petiotL The bwer 
Etrata in the aill^ arc I'egat tled ns Ijalotiging to ilie end of tile IViscon* 
sin subs tags ami grading into the begiiining of thn Kecent, whereas 
the JiigLar Icvetif are dafiuUely liecenL Abilene and iiutod points of 
the generalized type occur in tlie same horizon, and tlia smnttnr, 
better-made Fnbiom projecLilea ore found in ossocktion witli older 
forme of tlio Clear Fork Cnaiplct In addilUm, fosail (tiammoijif mc- 
tinct biaon, other vertcbrnlcs, and ^lulluacu rumaias—generally con- 
aidered ua representing a Pleiutnoena fauna—come from the same 
IflveU. Ilsncif it ooenis that in this area tlieru is further Hvidenw for 
a late Pleiatocena or possibly slightly earlier wcuimtion. 

VariotiB archeological finds of greater or lesa Eiguificanin> relating 
to Ihia general prolilum have been made in other parts of Teias, in 
Kansas, Nebrnska, Wyoming, tluli, Oregoft. northern Califoniia, 
Minnesota, parts of Canada, and Aluska (Boberta, IWd; 3ellarcLi, 
IMCI), bat space Ibmlatione prevsjit their wiislderation. In Urn main 
Uiey lend to currobomte the evidence from iJie discoveries already 
tliscuased. 

xoim* .tuiuiiGAx #Kri.irr>i. katshiai. 

Human skeletal mntcrial from tbo older horizons is ralaiividy rarUi 
and the information furnished by It is not aa saLivfacto [7 as ihiit 
from the (uillural ohjecU. This is in large part attrihiKshle to the 
fact llmt aiitinuiiy m««t be defertijineil by tin, j^obgic age of the 
strata in which ibe skelcUl remains occur rather than by the n]Or]>ljo-^ 
logical and metrical feaiuras of the bonea tiiemsalvesi. Associated 
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archeoloj^icfll lunj pgiloont^ilDgiciil oljjurtA nre nn important iitd, al- 
llioupfh thpy also may frwptontly 1» mcondtiaivo, Tito type* o{ men 
reapuitidl/le for tlio Samlia FolEoim VmUana Cavr, Qyptnim 

Cave, and Bimiinr (*otnplF'Xcs arc Tint knovm, no bunmn remains 
htive been found m astmeinfion witb impifimeiiy from any of tboeo 
I'altural patlemit. A skeleton somothned thought of ns a pogsiihio 
example of Folsom nian was discovered in a hank of the Cimnnem 
Hiver in norLlteatiierii N'etv Mexico some 10 miles east of the orif^nal 
Folsom site. The twnea were in a walcr-borno deposit 13 feet C 
itidtes helow the jtresoii surface and, from the tlegree of their fofidli* 
jwtioii and a tentative correlation between tlieir situs and a nearby 
buried stream bed and the latter with the hUotv quarry, were Iwlieved 
to be AS old aSf if not older than, the artifacts and tmimal bones at 
(hat location (Fi^^na, 1D115). Tliis conclusion lias nv^'tr been con¬ 
firmed, however, and jis there were no acconipKnying archeological 
spccinieitfl it cirnnut be said that tho skeleton was that of Foisom 
man. It i» unqnestifmably Indian, and certain chamdeiistics of tile 
nkiill—Its definite long-beftdednes?, heavy brow ridges, and deeply 
depressed na^al root'—are rather primitive tJlol)crts, IftJlT), hut the 
bijnes themselves givo no hint of the time when tlie individual lived. 
On the Ih^sIb of tluj physical features he could Iw late Pleistocene or 
early Recent or, «t the other hand, a modern Indian. UnforiunateJy, 
the geologic evidence needed to reach a verdict is not aTailnbla. 

One fragmentary skeleton was Atmvered from iha oldest level of the 
Cochise, Thu boiiea were so broken and so many pieces were misning 
that it was dtfilculL to make a determination of the physical type. 
After careful study, however, it wns eoneludwl that the individoal 
was one of the smalt, southwestern longheads belonging to the Bosket 
hlaker group. The Baaket MuIcctb were the first agricultural potteiy> 
making f^icoples tu the Pueblo arvo, in the period from the bogintung 
of the Chriatian Era to about A. D, <100, and idtUougb they had some 
primitive featureR, they were essentially moderti Indians* They are 
believed to have been In tlie rrgicin long enough to have made the 
transition from a simplo nomadic"huntlfig econnuny to tliat of the 
hunting, food^gatheiing, and euliwquenc ugricultuml poitery-inokiug 
stngaa that are well known from excavations in the Pueblo region. 
The Cochise occurrence may be con^deml sutistantiatioiri for tlwir 
relatively early appearance in the SoutliwM:!, allhiitt^i it iidglit be 
regarded as an Indication that the Cochise b not as old as lias been 
suggested. 

In tlje Abilene disf.riel* burials are found at varying depths In 
the silts containing implcmentB of the Clear Fork Complex^ Some 
were unquestionably subsequent penetrations inUi the sHta, hut oiliarn 
saem to date from tho {leri^sl when they were forming. The best 
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i^xomple of Lho bitter vos brought to lig!it vriien iiigb water in the 
Clear Fork of tlie Bmute, River cstved off n eectiou of bonk sontc 00 
miles northvHKt uf Abilene ■iid exjiosed a gmv^ 31 feci bolon llie 
present valley floor (Ray, 104/1}. Foil ions of lho slnili and all the 
band boiiea were swept away by the ftmxl. Enoai^ remuitied, tbi»ugh, 
to give a good indication of the type of individual buried there. The 
proflto of the flepneite showed an unhroheti i^jes of strata extending 
across the of the giuve and rising from what bad been the lovd 
of odcupAtiun at the time when it was dug tu the pteaeut surface, 
llicre is no question that the burial was made in ibc I'arly stages of 
tits dcpoiiitioii of the ailla and Uiat it wqa as old as tile lowest of tlie 
overlying Etraln. As these are in ihii t^uilioti uf tliu silts identified 
as probably being laic Pleistocene in origin, tlie Bkeleton would lie of 
similar age. The tip end from a snmll stone blade was found in the 
grave but^ unfortunately, it IS not sufficiently diaractcrifitic to indi¬ 
cate its cnltuml afliniiies. The bt>r(es show that tbe mdividutU was a 
titllisli, nioderntely robust main about 40 years of age. He had excep- 
tiunnlly henvy brow riiigcsT « luug head, and a hrond, rugged lower 
Jaw. Tlio Ahull in some resFpeets might he approximated by occasional 
reci'nt Itidians, althoiigli in the main it agrees more frequently with 
the more primitive forms of morphologically modem-type man found 
in .America. Since from its general features the skoleton cmtld be 
that of a Faloo-fndlan. there is nothing anachroniattc in its being 
found in deposits that are late PleLHlocene or early Recent in age, 
Ollier remaituf from deep burials in thif Abilene region have shown 
similar diararUirisiics nnd have twen considered as exemplifying a 
very primitive American Jniliati, probably one of the earlier strata of 
Hie Amcritrai) population (Hooton, 11K13)' 

One of the few examples of a bnrial altriburable to a fairly old 
horixon and accompanied by artifacts was timl of the Browns Valley 
man in Travoreo County, Minn. (Jents, lOaT). It was foiunl in a 
gravel pit while material wob bei^ removed lor luie in highway con- 
alrurtioji work. The Ixmes were in a gmvt that Imd been dug in late 
glacial or Ploistoceiic gravels subsequent to their lieposilion but prior 
to the formation of a thick humus layer that rested on them. Con* 
dunons based on geologic studies of the aito are that dm intennejit 
was made in early postglacial times, tJiat is, in the bogiiming of the 
Recent period, ITio asMciated imptamenta consist ed of dir« points 
and two kntfo blades. In the original description ilt«y are daesifioil 
aa Yutna-Folsom bccauite of certain features that aro suggestive of 
each. In view of biter information about tboae types, as previously 
mentioned, it seems that Browns A’’allny artifacts woulil be a better 
designatinn. They arc gootl examples of one of the older patterns in 
I'ultural material and merit a distinct name, Tlie skdston was that 
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of HU ndult male juid^ bh in tUe ciuses already disrusstid, thu akiiU trafl 
Ilf tile liiiig-headMl variety with strong deviilofitneiit of the brow 
ridgee, and n bntad, heavy jnw. The individual was undoubtedly an 
Amertcan Indiait, but be diffeiod from lEio receiit Indians known to 
have occupied that partioiJar region. 

Anotlier Afiiinesota skeleton^ the letuains of a girt about lA jeacB 
of uge, has been propoaE!d as an example of the physical typo of Die 
Puleo-lndtuit iivttig lit weet-central Minnesota in late Fleiatucrena 
iitues {Jetils, 199G). 'I'he matter of its antiquity W been quostiuned 
in aoina qitBj‘ter% however, and then; has )o«n considerahlo contro' 
vers}* over its proper status. Tliv mnaius were diiicovercd by work.* 
men repairing a stretch of highway in Otter Tail County when tlie 
grader bhido, m a ki ng its deepest dll in the iindiHp of the roadbed, 
exposed fragments of a broken dun shelL Stopping to investtgiUa, 
the workmen found the frontal of a htiniaii skull beneatli the bits of 
sliell atid a shorl diatanoe away a piece of whal they tUonghi tv be 
hone but wliich later proved to be the greater part of an implement 
made from antler. The rose! hues iiitcrniplod work with the heavy 
eipiixmicnt until tiie iind could be liticovervd and within the space of 
it hours most of the akelelon bad been removetL At the start several 
of liio bones were damaged by the aliovaU being used in the digging, 
nil an they wen; discarded for amall hand tovtn the results worn bep 
ter and meet of the materiu) wa» recovetiNl in fairly good condiuon. 
The skull had been crushed by the weight of the grader wheel but hud 
not actually been touched by it, nor had the grader hlailo come in con* 
tact with any of the otlier botiea. A eIigJI pendant found among the 
ribs and vertebmo probably Imd been worn suspended from the neck. 

Duriug tiip pivfgnsb of the disinterment a number of the men not 
partietpating in it watched the process, studying and difcusaing the 
nature rif the surrounding earth. From their statemonts, and from 
die xirodles made by the highway engineer pnor to tlie original con* 
structioii, It was concluded that there hod b«n no bntak in the vrer- 
lyiug sTtttiA, and that the body had not been buried intentionally but 
liad been covered by the deposition of silts around it after ii had 
come to at lUat particular sjml. The repaire on tlie highway 
WTit.' co]ii|jleted, and the bones were turned ovi-r to the University of 
Minnesota. After tli«y had been studied it was evidant that they 
exhibited u number of primitivo duiracteristjcs and further exami¬ 
nation of the place where they wore found was dromed mirtsable. 
On I wo iliffetent occasions traffic was diverted and the «to reo[>ciiod. 
Tlieso invertigations d«ti must rated beyond question that the skeleton 
hai] come from tliat toealion. Frugmentu of bone were obtained that 
fit pircta recovenMl in the initial digging, and in addition animal and 
bird bones and many aegniante oi turtle carax>ace were found. Wliile 
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the pit wii 3 opeO) geologristfl studied the deposits and conae to tLs con¬ 
clusion thst lijey were rsrred elajH of a gladal like, subsequently 
named Lake Pelican. Tiicre is no question about tUe ideutiBcotjon of 
the silts, but tJiet^ bus been contenttom orer Lh« naturo of tbe burial. 
Munj think it was contemporuneoEUi with the clays, and the testimony 
of the workmen and tlie highway engineer is good basis for such 
belief, while others hold that it must have been a later peneiration, 
FurtiieruioHf, tlicre lius been contention as U> whether it was inten- 
tiotud or accidental, whether the body had been placed in a grare or, 
as has been fiiggestexl, the girl fell from a boat or through a bale in 
the ice, drowned and sanlc to the bottom ivhere site was covered with 
gradually settling sediment. The problem is complicated even more 
by arguments over possible erideucs for slipping and disturbance in 
the days and the chance that the skeleton may have been intruBtve. 
Uiiforttinatcly't the issue con never be settled to the satisfaction of all 
becaUEC of the manner of its discovery and its location beneath a 
highway. 

The artifacts arc of little help because aimilar antler and sliell ob¬ 
jects might be found accompanying anj' burial in that region, even 
lliosa dating as recendy os early historic titnee. The fragments of 
bone from muskrat, wolf, loon, and turtlo carapace also preaeui hi 
the pit are from species that could be Pleistocene but also are mod- 
em and indicate climatic conditions little different from those of 
today, hence cannot be stressed os evidence. BecauM of all tivese fac¬ 
tors opinion is Hbout equally dividedt some consider the age as late 
Pleistocene and otlicrs as clearly BecenL Careful reii'iew of all 
phases of the proldcm, however, would eeein to indicate that the prob¬ 
ability of a klc Pkistciccne dating outw^elghs that of a Bneeut age. 
The skaleion has a number of pritnitiva features, the most oufstand- 
ing being in the 4nill. The forehead is low and sloping, with promi¬ 
nent glabella. There is a backward eitenaiun of the cranial vault to a 
large occiput with a largo projection to t!ie rear and evidence for a 
high ares of attnehment for the neck musclca. The nose is reletivoJy 
small and narrow, tacks a nasal sill, and baa a poorly developed nasal 
spine. TTicre ore deep suhnosal gutters, and theta Is marked alveolar 
prognathiinn. Obvious lark of reduction is apparent in the jaws and 
teeth, a feature usually considered deSnitaly primitive. The lower 
moUre in absolute siro are larger than any of those in the lower 
jaws of 10 late Pteialocene men in Europe, and thw In conjunction 
with other Icsr developed chsmeteristica is regarded as good evidence 
for tliQ remains: being those of on early type of modem wiag - Thera 
b no reason from the Rtandpoint of tltelr osteology why they could 
not be as old as the nita indicate. On the oUier band they do fall 
within tbe range of variation in tha modem Siouit and are believed 
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hj somfr of the phyeica] ntiilhrapolcgi^i^ to belong in that cnt^orr. 
Tn this (NsniiGction it may lie mentioned that this b the only example 
among the many paT(>orted early American sketetons irbere the skull 
IB not defmkoly of tile long^bjeaded type^ tn this cose it b 
cnesoctpliAlic* 

THIG yEX^eJl^' AltEA 

Tliere has been little evidence thns far for Paleo^lndisna in the 
Me^lran ar^a. No Foboni-type pointar wiOi tba exemption of i)ic 
hvo in Sonom aboiji which pmcticallj nothing b known and ona 
possible fluted bhtde from TomBulipaa (Prirln^ 1D12, tig. li^) , have 
l>eeii found south of the Bio Grande, Some dis^^ovanea Hiiggestlvi; 
of cortahi ivntiquity have been mader yet none has lieeu demoruiimted 
to com[>are in age with Sandia^ Folsom ^ nxid similar eompiexe^ In 
fact it ia agreed that they are much more n^cent (MartineA del Rio« 
IIM3* pp. IflUTO). It seems Improbable, however, that no such fxmU 
will be made \ there is always n chance ilmt one will come to lighL Up 
to the present m little work has been done in the northom districts 
tliatt with the exception of knowledge of ihe oocurrauHs of same 
scattered late viltago sites and protdustoric ruins and a few caves tlint 
date within tlir Chriftijiii Era, thftre is virtually no informiition ou 
the renitiins in that area* Biooti roamed as ibr soutli os soutlicTn 
Durango and were in Uie region around Monterrey in Coahuila as 
late us the IjegJunmg of tjie seventeenth century (lloraaday, 
p. 8S2) p and tliere la the possibility that older apedes may have oocuplod 
LliG area as well becatise Lhertj are sevenil large depoi^iia of bonea 
weatlifirmg from the beaches around the beds of Jakes iliai nutet have 
dried up eevaral miUenaia before the coming of Uie Spanianls. Hasty 
examinntion of tliese bone lieda indlcnied that much of the material 
was famoDp but no attemiiLa were made to collect spcciracjifl or to deter¬ 
mine the apecleSy It not improbable that some of the older forms 
are represented thoro, and Lnaamueh as the earlier peoples were mainly 
hunters and followed the game m ita migrationa^ it would not be isur- 
pnsitig if^ eveuttially^ bones from extinct bison nci^ompanied by types 
of implemonta made by the Paleo-Indians were found there. If the 
geitemlJy aecepted ideas mlKUit tho peopling of tlie New World from 
Aaia are correct^ tJic Mexican plateau umst Iiovb sorred as a broad 
highway to Central and Souili Americc^ and although it may be 
difficult lo find* tjiere should be some evidence of the migrations passing 
that way* 

CENTRAL AMf:RICAS FTNT>S 

Finds in CeninI America show that tho bison formerly ranged 
much fartiter acinth than Mexico* A hom identified sr hisori camin 
from northern Nicaragua many years ago (BhoadSf ISOS), and tracks 
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tnade by bistm wonn recentlj rei>f>rted from weat’^lrul NLc»rNgiia. 
The lottcr arc of moro than psESiing intonait l*ecAuse of their naatKia- 
tion witli imprints left by hurefootod human being*] (pU 10, fig. 1) 
as well ns with those of other tnimnis and binds. Thoy were un- 
covupe^l bv c[uarryiiig oiwfations in a deeply hnritsl volcanic utnatum 
ut m CTaucc, in the oiitshirts of Mnnagua (tticIiArdson, Bkhard- 
«jji and Bupjiert, !D42). Studies of the detMisits have led to tho con- 
duiiion tJiBl the track-benring laii'er was pmluccd by a How of sonfi- 
liqniil mud from s vent on htghfir ground. While tho surface was 
still BuJIicicntly soft to receive perfect impre^ions the fieoplc and ani* 
mats passed over it. Shwtiy thtnenfter a thin fail of dry dnders 
coverlid the tracks, presemng and protecting them bo that today Uiey 
are as sfiaip otiit clear ss when first made. SubsKpienlly thers was 
another mud How and eruption of black cinders and then u rapid suc- 
cv^ion of thick mud flows (pL 10, fig. 3). In the eoniBa of lime thefio 
luycrs turned to stone, a pUmomenon oomparahlu to that occurring 
at IlerculancHtii after its dcistniction by Vesiuvius in D. 70, A 
stream forming a channel some 65 feet wide and 10 feel deep then 
cut its way througli the strata ihns formed. Eventually the bod of 
tho Btream Blled with silt, gravel, and wflter>roIloi{ stones. Later the 
area was covered by a Ueai'y fall of puinifw from the eruption of 
a distant volcano, and during Iho foltowiiig quiescent interval new 
stream channels were cut and a thick soil stone develoi>etl. Again 
more ashes fell and another soil sone aectimtilatod to be covered in 
tnm by pumice from a fnither entption. Finally tlm pteomt topsoil 
developed to a deptli of from 4 to 6 feet. The lowest portion of this 
layer is an oeotian deposit representing s period of slow growth 
(^illiama, in Richardson, IPU). 'Jlio sc<{ucncs of events recorded in 
(his series of strata required cottsiilemble time for its consumtnatlon, 
and although conriusions os to the age of the footprints await the 
completion of vokanological fFtiidica now no dor way, it appears ceil sill 
that' appreciable antiquity is indicated.* 

Jouisals of the conrpiest period pr<*sitniah1y contain no references to 
bison for thia area, and everything indicates that they have long been 
extinct in Nicaragua. Since their tracks and those made by men 
are unquestionably contemporaneous, the ocpumnee would tend to 
signify tlint the h uman occupation should be regarded as dating from 
fairly early times. lAUiding strength to this assumption ia tlis fact 
that between the footprints and overlying archeological remains are 
approximately 10 feet of deposits. Included in the material from 
the lowest cukiirat level of the later manife^uationsare T>otshetds from 

wnrk of f. ^ ^ tbe Divlilin] of ITHforlAsT 1 lni«rf:h nf 1^9 

lnji4U.i;Lllu4 Waihiitflnn. ma.& llut at Fnt. HWrl WUUuiij^ (i| tho C^lh 
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a type of «'at« fouud unij in ibu nurUost cemmie horiaun in Gtutcmab 
end El Silvndor TKis argue# fur a rclatlvety andanL populntiun in 
the Managua districL Aa tlu! footprints occur at a niudi gtcater 
depth and must bo considerably earlier, it is po^ble that they ooi«5tl- 
tute the oldest trace of human presence thus far noted in Mlddla 
America and that they will establlG}! the period of migrstiou at a dnUi 
some mtllRnt tia prior to thet hitherto postulated. 

sown AMCBfCA 

Tlw tituntiou in South America is sometrlinL diferent. Niunsruus 
dtsooveries have been prtipcned ns evidonco for au early occupation, 
hut iliere is uiudi dtsagreenicnt Oiifer tlieir actual import- Sawnd 
factors contribute to conllicting opinions ahout the prohkm. In nuiny 
portions of the continent there is difficulty in identifymg and corteltiv 
ing deposits. Certain animal forms appear to hare surri'ved longer 
lluin ill i lio nortli, with a comsponding le^^ning of tJie signiitcanoe 
of faunal associations. Other complications have resulted from a 
rather comnion tendency to place undue reliniice un the typology of 
iuipleniuuts, picking mid diootang those tluit miggicst antiquity while 
failing to consider iJic retiiainiiig cuuiponents in ii complex. Further¬ 
more them has frequently been coniplote rljsrrgard of the situs of the 
duds, resalting in anudirunic and wholly mialeadiitg conclusions- 

At the Lime of its discovery the Punjn calvarium from Ecuador 
aroused oonsidoruhlG interest, and it is often motiLionod as an example 
of **early^ man frotti that urea. Only the skuU oas found. It came 
from a deposit of vulcanic aslj in whidi also were hones from tl>e extinct 
Andean hoist;, a large ground sloth, a so-called camd (the ProfmicA- 
cm<t), the Andean mastodon (C^orefi/ferten, a **Bunonuirtodont” not 
to be confused with the North Atiierican maotodonts), and those fnrni 
present-day animals (Sulliviifi and Holbuan, lOjEfl). There was nut 
an actual oanclation, the neiu^ animal bonce t)«ing Oil to 100 ft>ei 
from Uta nhulU Tlie disoov^'ror, however, exprested the opinion that 
aerioua eonsidemtiun diould be givrji to Uie implied oonlemporaneily. 
The skull lolls into tita category of mte of the three typiss ganemlly 
believed to be clioracteristlc of the oldest stratum of New World 
tooples. This particular form has been designated Australoid (Sulli¬ 
van and lluthiuui, I^eeudo-AustraToid (Hutiton, 1930), Proto- 

Australoid (Dixon, 1023), aud Fu^ido (Imbdloni, 1037), The ques¬ 
tions of mimenclature, identificatiotis, smnatological Inferences, und 
tnie aigiiificance of the type are too varied and complex for oonsidera- 
tion in this pFcocntotion. Tlie Piinin calvarium b admittedly an 
archaic Indian form ami coutd be relatividy aneJent hut, as in I he case 
of the North American skeletal matenaj. the age muid 1w hneed on 
geofogic-palooiilologic evidence and nut on the nature of ihc skull 
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Thi! ssl] deposit iuis not been correliited wiQt uiy spuci&c ^eo- 
Jii^e horizon. The faunal AEaenibluge occurring in it is ftenarally 
coneiden-d as Plektooeiie. and were it not for tlie butiian remniri^ Uie 
layer no iloiiht would luLve lieen regar^led ha of ibut age. Vet other 
evidence, £Uc|i iis tJint uf the ‘^Bunonifl:>todoti** (i^ttv/erowrtw) found 
near Alaitgii«{, Ecuador (Ohle, IttSh), sug^ta that the aiiimnle con> 
tinned well into tins Becunt period befui'C beeoiuing extinct. Tlie fact 
f hui tlte quanijty huJ veHet.y of aniniitl life in the Punin ilifttrict 
Iwen much poorer iti modern timee thou it was in the [oiriod when the 
votnuiic (mh wim lieing laid down indicute? some uitiquity, yet the 
ei'icjenco for early' occupatJun is tint os convincing as is dcsiretl, 

Hitt Confius tnoii from the highlands nf Uie state of Minas Gcraei:, 
Brazil, WAS a more i^tu;factory durcovery [Walter, Cathoud, and 
Matins, lhi!71. 'rids skeleton was found in IWSIS in a cava in ilis Lagos 
Santa region where thel^aniEh naturalist Limd madeltiscxtcaisive and 
well-known collecliona over a century agOv The entrance to the cato 
was uucovorod during the course of excavations in an Indian elielter 
and liurial ground dating from about the cotiquesl {Kriod. As the 
blocks of fallen stone luid coughunerate wetr removed in the ffeaich for 
graves, Ute entrance was gruduolij expofred and ultimately stood en¬ 
tirely clear eo that the cave was accessible. Tliere were no traces of 
bimmii nocupation in the upper alturia] deposit of tlio floor, and, aa 
careful investigot.ion showed that the ciilroJicc bad been sealed during 
pluvial limoa, it was quite evident that the axiatcnec of the caTC was 
not known to the people who u^iod the sheltet and buried their dead at 
its mouth. It was pot until the fourth year of exploration in the 
interior of the cave that the buuiau remains were loutid. The Wiies 
luy beneath appruximateJy 7 feet of alluvial alts thuL Iiad been uealed 
in by H layer of stalagmite. Natural rather thait intetitionjil burial 
was suggested by iJie poaitiun of the rcntaitis. Tiie boity evidently tisd 
rested on the surface and graduaily waa eovei'od by sedinumts carried in 
by ouceessiva floodings from a ncurby lake. In the same stratum were 
brmes frnni the giant sloUi, large llama, an extinct horse, tapir, bear, 
gianl cnpybaiu, peccary, and mastodon, 'rhie assemblage constitutew 
whet is usually regarded os u typical Pleistocene or pluvial age fauna 
ill tliat area. No nrtifeota accoinpiiided the okoleUiu and none were 
found in thw deposits in the cave, hence thcro wa« no indicaTion of 
cultural afllnitjes. The akul! is of the long-headed variety with low 
forehead and, althougl) comparable t<» (he Lagoa Santa type in its 
hypdceplialy, presumably does not belong in that categoty. Students 
wlio hav«' exumined it consddoi- it one of the most primitive forms of 
Patco-Indion thus far found in South America. 

Contemporaneity between tlio human and animal riunnliie ia tn- 
diopulsble and appreciable oatiquity is indicated both by Llia depth of 
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tliB oviirljring imd UifU of thuT di»lagmiticj cover* The 

high-Tfnter level h\ Lak«^ GonBtiF^ from which the atU-bciiring flood- 
walei-s arc believid to hmYe come, at pt^ER3€Jit is 65 feet below ih& bnttoiii 
of ihe cavB. Thropghout histimc times there has Tiot been snffident 
water to producB overflowing into Che cav«, ind eon^ensiis ts that onJj 
near the end of tlie PJeisiocctie or corre^^nding pluvial period was 
there Adequate precipitation lo cause such plie[Lomei]& js the depesitiQn 
of the siits nml the formation of the sialegmite. XI present knowledge 
of that period is too mcnmplete to provide ■ basi.^ for chronological 
estin»tes cm die age when the pluvial came Co an end in the area. Soiiije 
of the animAls repn^ntod in the faunal assemblage seem to have eur* 
vived into relatively reccut times and consequently are not much help 
as a rritcirionp The Gonftns man wm miquestiunably **early^ insofar 
fls lire relationship with snli^uent iiihabitAnCs of the region is con- 
cerued, but jnst bow indent be aetnillj was is i problem still wiiting 
to be solved. 

shell heaps scattered along large fed kms of Che con^^t 
of Brazil atid on the Iwnks of eertiiti rivers in Cbo mterior^ sl&ould be 
mentioned^ nhhough their value ae evidence for an earlv occnpntion 10 
debatable. Tbare is consideribio viriaiion in the size of these forma- 
dona. Some of them measatro 3D0 to 650 feet in length and 50 to Sfl 
feet in depth. In mosl^ cases, howoviTj they are not is lytttmiivo and not 
more than 10 In 20 fw^t dee]>. Many ire located lome dlKUnce from Che 
present shore line. This indkites that they were formed when the 
mn was at a higher levels and for tbit reason they are regarded as 
being of rotisidraibk Ei|:e, They have been referred lo juj oviduiiue for 
H fairly early ind dense population in the area because many people 
have believed that ail were of human origin despite stiggegtions from 
I ime to lime to the elFcct that most of the large ones probably were the 
product uf nnlunJ forces, Rtwnl inv^^tigationH lend to sul»NlanfTfliii 
the latter point of view (Sotrano^ iSflS)^ None of tin shells hi the 
larger heipa have boon opened, and inch traces of hummi activity is 
have been discovered sppareutlj were iniruFions and not cx^ntem* 
JMiruncous materiah Viriom small heaps and occasional portzan^ of 
eouie of the medium'Sized ones* however, ccusist of kitchcn-midilAn 
deposits or refuse ntid deflnitely are min-tnadC- The EOtil! heaps lo¬ 
cated farthest from the nea in the southern provinrei, eepecially in the 
SifI Paub diatrict, yield tlie oldest-appearing attiCacts. A simple cuh 
Cure in St rong contrast with that of historic tim es is represented. Stone 
tmd bone implement.^ cninprise most of tbo conipicjc^ The stone tools 
are IB a nile roughly chipped., Imt they are polished along the Kbes. 
Pol sherds are sometimes foujid on Clio surface or in the upper part of 
tlte top layer of such mouniii md the evidence suggeati a liti pro¬ 
ceramic group just beginning to acquire pcHiery. This, in oombbimtion 
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iritfa ths polished edges on tlie sto»a BttifactSf points to a later horizon 
than that indicated for Goma of the complexes previonGly considered. 
Further iiiTestigatioiis are desirohle to establish more precisely, if pos¬ 
sible, tho exact status of those tiiaaifebtatiorts because finds further 
soutli furnish a basis for the afaumption that a relattvoly old caltnre 
may have existed in this region. 

In Argsntitia tliero has been active interest in the subject of “early 
man'’ evor mn.ee tlie diaoovery of bones from extinct onimabt Jtni f 
stone implonionts in th® Mar dei Plata region and ibe aimouiic<>' 
ment of a Bottm) pastipairais ^Ameghino, lUOU). This ares is voiy 
product ir® archeoiogtcally. There are mtinv Bites irhcrn house r«- 
uuiina, poile^, and metal objects arc found, init in addition there 
an oldor horixnn whicii is characterized by a dilfercnt human physical 
tyjie and an tiuptemetit co'inplex containing only stone nrid bone toots. 
Furthermore there are sporadic occurrence® of artifacts, presumably 
in associatinn Kith extinct fauna! matoriul, and hit man abtletan.'i th a t 
hai'e iicon presented os evidence for varying degrees of aittiitiiitv. 
Argutiients ovei' their validity hove flourislted for many years, and 
they still fumisii a fertile liold fur delnte. Tt ia not Kithiti ihn scope 
of Ibo preseni paper, IiowevcT, to review and iiiscu.^^ sll these finds 
EfTurtff to Uemcitistnite that ibc crniil® of the hmnaii me® was in South 
America stirred a ctmtrovei^ that produced a voluminous literal urn. 
Infoniiation on th® subject may bo found in th® numeroue piibli«^ii- 
tJiins detailing both aides of the question, Coiisansufl is tliat in tli® 
lieginDiiig entirely too great an aiitiijuity was proposed fur tlwsu 
rejuains, but (hat sotiie of tlie theories advanced in cxplainirig them 
may Iiav® some jiistificatiau when adapted to a more conoorvativ® time 
seal®. 

Geolqpc evidence in Argnuittua, ae elsewhere in South America and 
in many portions of North Aiiicricn, tends to bo oonfumng and to 
promote errors in coiTeJation and crow dating. Finds frequently 
art made in dune districts wlwre artifacts ar® uncovered by wind 
action and are left exposetl in th® bottmna of largo dopreisvions or 
phtyua (Orealebin, ISaO), The sttuadon is comporable to that in 
the floH-alled blowniuta of the westorn plains in the United States. 
Tlio relalianship between ol^octs lying on the top ul a herd sub¬ 
stratum U always problematical because they may hove been at 
different levels before tlioy were dropped to a comm on surface when 
th® surrounding earth was blown away. Also, some of the Kiiccimens 
may hav® weathered from Ute top of the lower layer, aa often happens 
in tb® care of animal bonca, and there may oeomingly bo an iijssriwin- 
tion between artifai'ta and an extinct fauna when tho tnan-mad® 
ubjecta BCtuaily iielong in a later honzon. For that reason ?ucii oe- 
currencte or® properly open to doubt. Thai ih® d^ce of minataU- 
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zntion m UiiniJui ami aiiimni bouia is Rot a wliablo criterion for 
anti(iuit3r apparently baa bwR ovcrbeikcd or dbr^gartlod by eome of 
tb» adrocatos lor an early occupation of thb area. Beliaiica on. ihe 
typology of ioiplcnieota also is mieleadiog becauiie, as bus been deio- 
oRstratod elsowbcra, some tool forms persisted over long periods, and 
similaritips bei ween Old ami New World specimens do not constitnte 
proof of tlieir contemporaneity, Artifacts may be paleolithic in 
but not in ngp, a factor tliat liofi been forgotten by many arguing 
considerable age for certain specimens in this locale. lIoweTer, soma 
diecoverics indicate that occupation of this area was not wholly a 
recent evenL This is particnlarly true of a luimbcr marls in late years, 
which 3 iigc{e 3 t that while the antiqnity is not as great as earlier claims 
would make it, the age probably compares favorably with that gen¬ 
erally recognized for North Americn, Because of Ihids mado in 
Botithorn I'atagoiua. evidence from future invesligaticnis in Argen¬ 
tina will he studied with conaidorabie interest. 

A dchnitc association l»etweeu human remains, an exttncl fauna, and 
an interesting scries of artifacta lias been reported from aoutliem 
Patagonia, in Chile just soutli of the Argentine border (Bird, tttAB). 
The evidence was found in caves and a rock shelter. One of the caves, 
iinmed Pa 111 Aike, was lut'^atetl in an old volcanic crater and contained 
deposits which in places attained a dcpl h of 8 feet fl inches. Tlie upper 
b feet of Lite deposits was composed of linG, dry dust with an adniix- 
turn of broken and burned bones and some stones. This stratuni 
rreted on a layer of volcanic aslt that had a maxuuurn thickness of 2 
leeL Tliruughout the ash and scattered over the original rock floor 
wsro large blticks of lava that had been cRiptinl into the cave at tlie 
MHo e lime as the aeh. Tlia upper 18 indies of the tiepoeits contained 
stemmed arrow poiute, knives, various kmds of sciwpere, atid botaa. 
Among the points from the lop C inches were finely made spedmetta 
of tlie typo attributed to modent Onn Itidians. larger and cruder 
stemmed firims (Kcurred tliroughuut this 1 Scinch leval. Stemlere 
points and other kinds of implemenLa came from the nmet bycr, 18 
inches lo it feet below iho top, Varioua typeo of scrapers and other 
stone and bone implements, but no points of stone (the few found 
were made of Ikuig), camo from tlie stratum between 3 feet aud t> freU 
On tlic surface of the underlying layer nf volcanic ash were tools of 
stone and hone, debris of occupation, fireptacre, and hmkeii and burned 
bones from the ground sloth and native horse. Embedded in the top 
of the ash was the stem from a different type of stone point. Toward 
the hack of tho cave tlireo crematiou huriiits were found along the 
base of the wail in hoUowa in the top of tlie ash. This provided im¬ 
portant evidence of eonteniporani'iiy!«tween human remnins, extinct 
animal bones, and artifacts in what probably is tlta first well-auLlienti- 
ttiSMo—4s—as 
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cmtcd oocurrtince of Liia kiTu) In Uto World. Tlio itslt Inyi^r i'Oti- 
tainod KToml jjartinl sloth flkd^oiis, and it wimobnouft that the rtni- 
tnals had used the cave a[S a aiielter and luid died Notliing sug- 

UtRiittid (hat they Jiad been kdled by Imlbris, btit lliat the latter had 
been tiiei^ during the early period naa tdiowu by the charcoal aiut 
atone ilakea present in the rjebrU on ibe orlgiiinl floor. 

Sutno SO miiea west o.f Palli Alke, in itic ‘V'uliey of ilia Bio Chico, 
was u foTtnatlon calJod h'eJl'a Cave, although strictly apeaking it was 
a shelter rather than a true cave (pi. 11J. It bad been fonnud at 
some time when the rivw undercut tJw canjnn waU. nio deptsita 
there wore slightly over 8 feet in depth and oontuined another in- 
teraeting ecquence. The top layer consisted for the most part of 
oheop dung and producod no artifacts. The atrntHm below it, how- 
over, yielded evidence of four cultural hori^oiiB. Them was np 
structum] change in the geologic dehria, atui clearly marked lines of 
demarcation were iiWnt, but the archeulugicul and faitiial material 
was gulHdcnlly differentiatfiti to demotitdrate the lev da. In the latest 
Uoriaou ware Oua-typu pointB and mi mu of the larger, onnler, stomuied 
fornis like (Jiose present in Palli .Yike. Tlia next level contained only 
tile latter kind of points, while lielow it were steiuJesa points and 
blud^ SemperB of variouB kinds occurred throughout the strattiui, 
hut it was finly in levels containing stoiiH points that bolus were found. 
Associated with Lliis matsrtal were bones from llie guauaim, fox, and 
bird. There was a marked change in the proportinii!i from tlio top 
downward until at the laillom, which wna the bone-point hoTiEon, 
bird and fox Itones predfitiiinnLed and those from (he gnnnaco were 
only sporailic. 

Ditdertying Lite aliove stratum was » sterile layer, 16 to 28 inches 
thick, composed mainly of slabs, blocks, and disintegrated pieces of 
conglomci^ito that liaij falleu from the reiUng. This debris cotri' 
plctely sealed off fi'om the upper levels a layer of occupation refuse 
frod Stop inches in depth. Xurnernus nrtifneta, stone flnkcs, 
and hone fnigmunts were scattered tlirmigh it, nnd there wt-re four 
heart Its where lires had burned, Broken and burned bones from tlie 
gjaiii sltith, native horse, and guatiaco were mixed with the charcoal 
and ashes. Artifacts in the layer were bone impkiuants, varinus 
Idiids of scrapers, cylindrical rubbing stones, diopping elonea, and 14 
rongldy made steiumod points of Btone. Thtsse specimens allow that 
the tirst occupants of the shultcv had an entirely different matcrin! 
culture from iIiobv who used it later. Tho stem Irem a puint found 
in the lop of the osli layer in the bottom of Palli Aike Cave ia from 
the sanie type as alt Uit oue of the points from the iMitiom stralmn 
in the shelter and eervesj, with those from upper levels, to demonstrate 
that the same type sequence prevailed in both locations (p|, 12). The 
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^ngle diflt'riiig puiut from iJ^t; boitom level of ihe slttlier in itB onl- 
line suggests u Folwui pointy but tictmilly it .w*B not of thet typo> 
During ibe iulf^rVitl biilwwm iiceupiiiiutLs, liiut dnifiictorinjil by Uia 
mck fall, tJio luitst mitl giiiiit iilolb dUiippeitcnl and llm ^iriioo be¬ 
came nrv. The latter a* a malter of fact did not return in gufllcient 
nimibets to- become an in]ip<pi’tant food item until tlie clotmig days of 
tlie Eteniless-point period or third cidtuml horizon. 

A t no great distiuice from tlm shelter and in the side of a hill called 
OetTo SoU is a long, narrow enve. ‘J'he upwartl-sloping floor -was 
cui'creil at tlie inner end wiili n deposit of flue, dry dust fl feet deep. 
In tJie lower 3 feet of this dtshrifl were nuiny frngnienta of tmtivaimrse 
bones and a few from tlnise of die sloth. There wok mi artifacta^ 
and the only signs of fire were ilioM ussociftted with the crcniatioti 
burial of a group of 3 adults, ii children, and - infants. The bodies 
had U«iii placed in a hollow at the rear of the cat?*, had been eur- 
rounded with gross and thou bumod. Thetis wore no [uxompjinying 
artifacla to indkole die cultural afllmtios of the romainE, but it -fleojns 
likely they brioiigcd to the first ur ohleal horizon. The fact ihoi tha 
earth above tins burial cuntaimtl broken horse bones sugge.^ ^mch a 
correlation. The skeletal mutcrial both frutii this rave and Pall) Aiko 
shows ihiit the |i«opIc were toug4leadl^l, had general Indian cliaruc- 
toriitucR. and in somo traits resembled those who^ remains wvk found 
In die Lagoa Santa Cave. 

ITiqueaiiotuibto ufsociatirm svtUi on aztiiurt fauna hidicates certain 
antiquity for these linrls, but again Um question of wUen the animals 
disu-jipoaml b all imjKirlaJit and there still ia no aaliafadory amtwer. 
Xliifi part of Patagouta was on die eilge of tlieejctoiuiion of tlie Plinsto- 
cctip ice sheet in lluit aren, tuid % twaiible correlation hiitwceu the 
retreat of its liist mlvance and other plienomena suggest dint iieople 
tnuy hflvo been in the region to dm east prior to the receesiem. At the 
limn tho ezeavadonB were made, a relative chronology was developed 
on die liaab of n ourrelutiou Let ween ovi deuce for marked land riant, 
a diHiq^ ill the level of the Rio Oitco, the iubsideiice of Loguim 
Blanca located ooniu tSO mile:* W'listof PaIII Aike. and clear indications 
that the voltaiiic eruption recorded in the bottom level of thot cave 
WHS the oldest in the sequence, 'llur initial occupation of FelPa Care 
apparently proredoii tlie oruption, and the third period seems to hare 
ended witli the drop in the level of Lngunn Blanca, Indciicndcnt 
riudles have suggeated lhal the i^intisulcncc in the lake was synchro*: 
nous w ith the last tC9 tiitreat, and if this were the core U would lend 
to ei>tal)lisli appreciably early inlmbitAtion in the ai'ea, Tlie native 
liorre and the giant alolli ‘jeem to have disappeared soon after the 
volcanic disturbance, when tliere tuny Imre breit a rather wrere hut 
relatively brief tluctunduu in climate. These factors give no real 
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datOi of courBo^hiit tlieydo ftirniali ti Ibibis for estin^tei ^ Tliis 

wiU bft ccinfliderod in more duinil in connection Trillt tlie discufisioii I'f 
♦lie ftgcR wJiicli IiBve 0e*n oBsitt^ed to alt sac)i fttids. 

gt'MMARV ANI> DlSCUEliaiON 

It i 3 eridont, from iLo manifesiationfl discussed in piweding 
Ltittt man liud readied Itio 3few World when large iiortiona of Kortli 
America were atiU covered liy remmints of the Wlsconain kc aheeU 
Tho physical cliarnderlslics of such remnirw os have been found, as 
well fifi those of the Inter IndhuK, indicate an Asatic origin and subse- 
(jiicnt uiigmtion. This spread probably did not lake place ns a skgle 
mass tiiovemcnt but as a series of contitniitig migrations by rdalively 
small bodies of people over a long period of time. Wben this began 
imd the routes followed are matters about which opiniwijB differ. Moetl 
students of die pruhlom, however, agree that the hulk of tlic aboriginal 
population arrived by way of the Hermg Slrait rejipon nud from thcro 
gradually B[>rcad over North America, through Middle Anji'rica, and 
into the southero continent. Tlic great central plain in Alaekii and 
the lowlands hnrdering Bering Sea and the Arelic Coast were not 
glaciated during tlio last stage of the Pleistocene. Moreover, there 
was an open corridor along the eastern slopes of tho Rticky Mountains 
in 1.110 period Just after tire tl imax of the Wi econsin. .\s a consequence 
it was possible for wen and tnimalfi to pass from central Asia to the 
tip of Siberia and aettiss to Alaska, eastward to the Macketioio Biver 
and thence southward into the nortliern plains, Annlht!r route by 
way of the upper Yukon and its trihaPirieo, tire Liard and Peace 
River valleys, opener! autia«{UCtit.ly, and not long after tbk still another 
Irecamo available. It led sonth along tire Fraser River, between tho 
Rockies and the Const Range, and into tire nrciit Basin. Tho presence 
of artifacte, old comp sitee, and bones from extinct species of animals 
found in various pbees demonstrauts tliat full advantage wa.s taken 
of tliesQ several natural highways. 

The ffret migrants went htintere and lltev nmloubUsliy travehitl in 
small groups. According to present <-vidt!nc« tlrey followed two main 
lines of dispersal, one along the eastern atoires of the R'ickies, some 
continuing on south toward northcaslem Tilexico, and othere spread¬ 
ing out over tire plains to tire mnre soutlierly reaches of tire Mississippi 
Rivar am! from tliere to eastern portions of the country. It may Ire 
pure ooincidisnre, hut ti is Inicrcating to tioto in posoing Ui&l the 
norlheni boundary of the dlstrihution of aitee (itlrilmtnhle 1«» these 
people approximates the lino of Rinniirres left by the r«t resting glacieni 
following tlie climax of the last Wisconsin EulHiage, Tire other 
movement seems to have iwen ntong the plateau Iretween the Rockies 
and the Coeret Range into the Great Basin, scaithern Californiu, 
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Ari^onit, ant\ probuMy from thcr« into northwestern Mciico. Th« 
Utter movement may Uvo wititinuetl nlnug Uoj i?trir of ciwst w&rt, 
of Hid Sicmi Madra OccmIchUI, while the groups fron; tho eastern 
division who procircdcd iiintlhwanl ptetunjohly traversed tlie ptoicou 
between the Sierra Mnftra Orimfitl ntiil ilie Smrra Sfudre OoculontnL 
EveiituaUv descejjtUnts fntm Unli must Imvo iiaieed Uirougii tlie 
Middlo American funnel and inm Smiili Americu, whore wme 
sibly sprftad the Vt?ne^up1ttn Andes wnd inUy the plains of tlie 
Orinoeo tmd others coiilinucd sonlhwaiil along the Andes to southern 
Bolivia, where they sraitered BOXrtheftBtwuiti ncross the Oran Cluwa) 
into Brazil, south of tlw Aniflzotiian Forest, and on aoai It into Atgen- 
tiua. SotHK tuny liuve crosscii the rang® to the wosi and emerged m 
the coHStoJ belt south of t!ie Atacanm Desert (Snucr, iW, pp. S5S-C53i. 
Tlip major mOTcjnenlg that provided most, sif the Indian popubtionfl, 
howci'er, appear not lo have develo^wd until Inter when the Bveent 
period was wall eatabH&hed Such HCcretiaiiB ns may have csome hy 
ESiak were too tttto to affect the older gmupa and too Email to play niudj 
part ill itio later developments. 

Ailliough in many caEca they apparently outlived the geologic 
Pkistucetie, nvany of tin; aninuiis killed by tho early peoplea con&ti* 
tute what are usualJy coruddered Pleistocene forma They seem to 
have snivived through the tranoitioii to Becent times and then to 
hnvo ticcoiua extinct mther euddenly. Cnnaes of iliis widespread and 
rapid disappearance aro not known. 'Hiat the Ptiko'lndiamt muy 
havo been a contributing fncior throu^ slaughter of the nninuUs and 
tlie introdiwlion of diseases lo which they were particularly sustep- 
tibia Iwa been sugiBisleil. Other phenomonn, no doubt., were also in* 
volved, and fulttre work may produce the informal ion necessary to 
ft solution of this interesting plmaf of tlie problem. In thii group of 
mammtils in North America ■wera? mastodontSf memmoths, ground 
sloths, horses, coiiigIb. and tapirs, from families now extinct; iintilo* 
caprid, tlm giant beaver, the Bhort-facft;! bear, raberdooth rat, giant 
cat, musk ox, and bison, from gonera and species now extinct hut from 
families ettll persisting. In Soutlt America diose from extinct fomi* 
lira went; ground sioiho, glyptodonta. “Dunomastodonts,” horses from 
the short-legged typo derived from the tale Flioeene immigrant, and 
I tie Phdstcccne while extinct genera and sporiee from per¬ 

sisting families are represented by an armadillo, tha short-faced bear, 
and saber-tootli eat fCoUiert, 1042). The early inhabitants of both 
Norlii and South Anierica probably were oontemporanwus with other 
animat formii, but thoir remaitui eillier have not been (eutid^ in direct 
o.'soctntion or the oGsociation wns too doubtful to receive consident ion. 
Sinra many of theee ammala seem to have bocotno extinct at a rek- 
ttVGJy recent date, associations between their bones and artifacts do 
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not necessarily incllcate nny great degree of rintiqiiity. Wlieii sticli 
occamncGS are in (leiMisitu that con be cf*rmliitKi wtiJi gefilngir phe* 
nomena nttribnCnblc to the lete Pleistocene, howerer. dating tho tifl' 
flamblage as of Uiftt lime is jQStifjable* Some nf tiic Norrh Amerienn 
evidence indicates Mint die cnrlLer tntgntnts were in the Now World 
nl tbe end of Ibat pcriiMl and on the Wifl of certain mtcrpiwtudons of 
die Patagonian manifestntior^ it would appear that anme mUEit have 
arrived well before ita termination. 

To deocribo in dotBil the di^erent implemtmtacomprising dio various 
complexes and thoflo occurring in (tpfinidic assembinges of hones and 
artifacts has not boen possible in the bounds of the jiresent discuRsiom 
It miij be mid iJuK there ore essmpU'S finggpstive of late Paleolithic 
tools, a few Mesolithic forms, and numerous early Neolithic typo?. 
Comparisons are fiequentlj made between these inipIviiiRnte and tho£e 
from various European stone industrit^. This ta tnielendiiig. Iiowcver, 
as the American examples must hove been derived from eastern Aria 
where the development of stone working wns for the most part inde¬ 
pendent of that in Euro]>e. Such similarities to European types as 
may occur have no clirniicilogical signiilcanee and should not be used 
ns criteria for dating New World material. 

There lias been conaitlcrablr dinagreemeut and mtich argument over 
Ihfl date of llte arrival of the fii^t immigrants fmm Asia. This aitiia- 
lion may be attributed to the NiBing of concItiBions on such difFci ing 
faetura as tho chamrteristies of the archeological material, the fttunal 
Hssemblages. the nature of tlic himuii] slmlctal remains, and tho geolugio 
evidence. The latter os a rule is consiilorrd us being the most accept¬ 
able, and dates based nn it. are now regarded by timny as liuhiEtanUally 
eorrect. Without going into tho prcihlettis of gtacial variatiima and 
t^iiehronizatioii, varve counts, fossil pollens, and related subjects, it 
will sufltce to say that from these sourcee tho ages of various phenomena 
liavo been determined. The opening of ihe corridor eaiil of the 
Rodcies, making mlgratton southward from Alaska paerible, luis Iwcn 
placed at ISiKK) to S0,000 years ago. Tlien* appears to have been a 
simthtr opening soma SD,OQO year* earlier, but it is genemlly coTundored 
as being too ancient to have played a part in huranrt actiyitics. The 
terniinatiou of the last pluvial in the Nonh vVmeiican Southwest, 
which is important in the study of a number of the manifest at ions, lias 
Ix-en dated at approximately lO.OOfl 3 'eaM ago. The Lindonmeier site 
in northern Coloraito is dated at from 10,000 to e.l.fl0i) with the state¬ 
ment tlint it may have l»e«n nearer Uie ^,000 mark (Bryan and Ray, 
imo), althongli other authorities consider the 10,000 hgnro ae more 
nearly rorrcei (Saylro and Am«v«, UMl, p. |i, note 21>), The Black 
Water Draw, between Cloris and PortaliM. N. Mex„ ha» beon dated 
12,000 to lAilOO (Antevs, IOSIIb). The oldest level of tlie Cochise is 
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put at a little ovw 10,000 (Snyl® ftiJtl Antevs, III41). G jpsum Cuve 
in Sevfld* IE given na H,iiOO iHnnitii^iin, L&33). Venlana Cave baa 
not b«sa dated as yet, but on the basis u# sitnilarilite witL oUvcr re- 
KiBitta it is pruibitble thnt tha oklcst level there wimld approximate the 
10,000 figure. Saudia Cave ficeins to fall into the siune categoi^' ^ 
the Litidciiinoier or Blseh Water Draw. 

No date has been suggested tlim lar for the human footprints oJid 
bison tracks in Nicaragua. Thu Coufins man was consider^ a.R hav¬ 
ing lived B “few tiiouBands of yeais ago’ (Walter, Cothoud, and 
Mattos, 1037), and the remains in Patagonia hove been estimated at 
;l,000 to (Bird, I03fib). Aji interoEiiiig ijoestion has doveloped 
in regard to the latter, however, since that e&timala wus made, if 
tha aubsidance of T-n gntiw Bhuica Look place at the time of the netioAt 
of tlie lost ico ehtot ui that artut, tho culluriil horuons uitcdatmg 
that occurrancB would ho much oldor^ On tljc basis of a correlation 
between the vancd in the Nortlicrn and Soiitltum Hemispheres tha 
time of the recesgion iti the late has been placed at about 10,000 years 
ago. Inasmuch ns the deposits at Palli Aike Cave have suggested 
that the untire period of human occupation of die area may bo twice 
us long as Uiw iuterval since the retreat of the ice, plus a span of 
unknown dtiratiou when tho dehris was cDllcctlng on the original lloor 
and the layer of volcanic oah woe a«curnulaling, aoraelhing over 
20,000 year® would be indicHt«t!.‘ In vluw of the wlualiou m Noiili 
America thia appoara to Iw too lung a twriod, but it raises the (juostiou 
as to whotlier die I'Cinains moy nol be older than originally poetu* 
laiod. The problem is directly involved in that of the sytn^roiiiaitioii 
of ICO ages in the north of the Northern Hemisphere with ibofSi in 
ot-lict parts of the world, and as there ore various indienuons tlml 
dmultaiieous ico age* for the whole earth are not noceesarUy ndniis- 
eable it is poaeible the Patagonion phenomeua were octmilly sorae- 
whot IftCer. There U no way of telling iti this stage of the inve^iga- 
tiona how long it took ibe migranui to travel from northern North 
America to the tip of South America. Some tliink of it as ii alow 
and laborious process, others bolieve that it may have been rebdtely 
rapid. If 1&,(XK) be (aken as the maximum for North America end 
10,000 for Uifl soiidwra end of South America, the Nicurugnan raani- 
fcstaliimsj might be eonaderwl as npproxinuiting 12/100 to 13,000— 
providing, of counse, they represent the earliest nurth-to*?oiiili drift - 
and Punin mid Coiifins Iteiwcon ll/WO and 12/KK). The North 
.iVmeritan data apparently hare a l*eKcr foundation than ilw*» from 
Soutli America, and there is a po.'csibility that die dates jiwt. posiu- 


>1iitonDtt)<tn tvnli^il (rtm Of. filrtl In a UUw WtlttM alt^r fh* Ur 

•rtlcl* In act» at>rr) 4 in». 0« 1l»» t®*** »» ptwriu i«rlJ*o« l)r. BUS bUllHU 
ngh mu. fiif ton stmt. 
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liit4?d for tho Intter too groiiL, akhoiigh ihe iorm&r aa i imn.tn for 
may bn snmowhiit too consarvati^ij* 

I'hura is notlimg m tha liuiuaa physical iliiit woulil ^onfUot 
wiUi li 10^000- to 15,Goodyear age for "tie flfst ckceupatioii of the Now 
World. Ill llpjKt PuIffoUcliic: dituui^hout thft Near East and 

Euj'oih;!, a$ well as in eastern Asia, i&e%'erat races of modem^type muJi 
T^re in exietenco at an extrlier stJige than any thus far snfy^ostcd for 
ihif New World. Consequently’ t!ie fart that the earliesL arrivab did 
not differ greatly fi oin modem Lidians mid ha'^^e ^lowa qaly aporarlic 
prim hive features should not l>e regarded kh dmiying the possibiUly 
for sucli an age, Howeiisr^ Uia situation la soiriawiiai different ardioo* 
logically. Thuis far there h iiifonnalioii about the late Paleo* 
Ulhic hi (iastem Asia beyniul the fact tliat tliere wais such a stage mid 
that certain fypoa of implenienCH eorreJato witii iL Tliero ia lit Lie that 
compared with these older forms in the New World luatcrial^ but 
is much rJiot ia like ihe Ntiolithie artifacts of the period juat preecditig 
thu Qpiie&runee of poUcrj and varloiw polished-gtouc loola. Because 
of ihksoiijc argut*^ witli oonsideniblc logic {Spinden, IQST)^ that tha 
New World complexiis could not poe^bly bave originnteil prior to 
5,fHX1 Lii 4F,U00 ycarji ago, while others are W'ilhng to concede a mnxi' 
mijjji of Hfim, The ajiSTvcr probably is to be found in Aiiia tn the 
(ransition stage Iwtween tho end of the Paleolithic and ihc np;warance 
of the full Neolithic- At presaut there is no available informatiou on 
Lliat cultural pbnsoH, nnij until tlir results of future iuvebtigatious arc 
at lumJ them nan be ho decision in tha matter^ 'IWs naming discrop^ 
rtney IwtrW'ren gt^ologic tfiiics and archootogicat evj donee cmphasizea 
(hr ni^d for furtlier idudy of tho probtem, 

1 hita Tar tliere is not mnoli basis for correlations betwoon the older 
types of remains with iluw^ of lator Indian grouj^s. With the 
Non of tho Cochise, and ixjssilily alf*o t>i sumo of the uianifi^atiorta 
in lIlo Abihuo district, all the early complexes wojne foUnwiad by a 
definite break, Tliey arc lU^parabfd from sulisccpteiit os^-mblRgies by 
a KU-rilu layer. Tho later uianiff^tions, however, in all cases ap|>car 
to i^ontinua ihnuigh a eeries uf cultural horisons down to historic 
limes, I'lic break in continuiLy is unmistukahle In tlui? Fulsoui Rites, 
Cave, Sandia Cave, Veutana Cava,and nuinaroiis ijLher Niirth 
American occurrences not dosciil^d in iht present article, and aim at 
Fell's Cave ia South Anierica. In view of tliig and bocause of the rek- 
tJonship berween some of the Ventaiio Cave and Cociilse inatoritilB^ as 
well os the botwe^ the oldc^. Cochise and other mrlx com- 

pkxrs, it iii pu^iblcthat the bottoiu level of the Cochin may have two 
[daccil one (^tage t*jo early niiJ tlmr. it actually UdongH in the ph»?h 
beginning just after tho kitervol trludi ia chantclerizrd, m nil oihrr 
locations wliera such remaitui are fcmnih by mi abiw^iice of traces of 
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htrniun w^upttlion. Tn lai^ fioiiits g'ecilogisi thmk tli.it tlie 

m ^hicli tht! Cochise Din ter ini ixctirs iruir be ii redepoiltiem 
mUiCT tlian hd DrigiDQl flrx>d [iloin and that tlio arclictilugieat ?pccU 
iiTfi Eater than the (uiimAl bones and piaiYel wonld indicate^ If 
the widesipreaii evidence for sueb a hiatus ooriwt^ some explauatim 
should be found for tlio brook m euntiiiuily and for llie po^^slbility tliat 
the e 4 u*liost migi%ntBy like tJie animals they huntody b^omn estiiict. 
Oti tlic ollwr bund, if the first oocniiatimi was foUow<tl by wnintcr- 
rutiied inhobitatioti, gorpd rea&un for the sterUa ^mtum in so 
many sitca z^hould bu fortiicoming. Otis postubtion baa iieen tliat the 
break merely in the [dalna and the southweHtcru area, where tbo 
increasing tomperatiiros and progresaivo dcstccmtiou following tbs 
onset uf Ltie pootgioicifll pn>Juce(l iinfarorable conditions unci forced 
the people on eastward and son lb word to otJier regions where they 
coiitlxiucd to live. Ev^ntunily, after an amoliorotion of the climate 
in iheiF former habitat and an mflnx of new mlgrauta who found it 
aipiin 9«uitab1e for occupation, clieir descejulanta came in contact wltli 
of the later peoples and Uicno was on intomiogling that k diron- 
icled ill the sporadic appearance of older pliyEictU types in rsoeiit 
groups. Tins is a logical explanation, bnt tiius for the prepondoiance 
of ordiDotogiciil evidence is against iL 
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SrouEKCC f*oiMT Type* pNpM^F^u-i Aine ahh Cav«b- 

4(4fy^iWni«44MlMii »rim^|t4#biii bnvrim iivm* 

cn|ihi«ntini»r AtTwi(«n Mumm dt N'miiro^ Uivl^j 


EiiSTEB ISIjjVXD ' 


ALnoa MCTBAinc 

AMHmt DirtfOtor, JmtUinlc Anthrapo^ost/, ^mU^Knmn lirtri^y^^OH 


A trcele^ volcunlc rock^ scflrcely IS tnil^ lofiK ftud T miles wiile, 
stawly beiitg awny i>y tli^ waves nud. lost in lha preat emptine^ 
t*t iJje Ficitk Oc^aJi—SjOOO tii lies off t!ic coast of Chllo (uid It&OO milea 
fnitu r.lie iiear^t Polynesian nrchlpelago^liia Is Ea*«ter laiatid, tlio 
moat isolated qiot ever inhabited by man^ Today it ^jpports a mere 
handfnl oi natives^ njo^ly and many of tlietn Icpura, 

Tlieso 400 people^ now undor CUdloan rote, are tbe only descon ciaiiis 
of tliG mon who nrealed tbcfe tma cif the most original civiliRwiions 
timt Lave loft a belimd. Tet ihey have ftU hut forgoitoji their 
paaL 

For two cetUurire^ the nume of tlie ialand has boon almost synony* 
mona with mjetory. In the world of ethnologists it octiupiea a phin^ 
mtich like that i>f Ules of fancy in children'^ imaginations 

The sense of mystery wtudi stiK Bnnounds tbi^ Iniioly rock was 
first aroused on Easter Suodayt ’^ben tber Dutch Aclinirai Bog- 
gevecn^ in eommand of threo frigates cniisifig about the Pacific in 
e^aarch of the fabuioiia Davis Land^ saw the dome-shaped jjeaks of its 
vokanixiB j u tting abova the horbson. From the diicks of their ships bis 
Bailor^ as they drew nearer^ could diacem all along Uw cliffs of thb 
unknown flhore an army of gigantic staiueSt which completely over- 
shadowed a email hand of naked and noiqr savagis on tlie lieach 
below. Tlio visit of the Dutch dieqov'crers did not last long, but they 
carried back to Etiropo tlws strange tale of a solitaryj desolate bland 
guarded by colossal etone imageSf far too heavy and imprts^ve to 
have been carved and etcctod by the few primitive people they found 
living tberep 

I^ter in the eighteienl!i century^ and aflcrward^ Easter Tsinnd was 
vioiied in flnfXKSBjtm by several otlitcr great navigatorst Conk^ Ia 
P^ rousc, Kotwibue, Beechey. Tliey, too.^ saw with the 

suinn niOfisteiST ineasunHl thdmi and even Bketched IliKm^ To their 

K B^VFlntivi St fwnnJpil^iA f^iw Tb# VJil^ nirTlff*, StUtnfltT wlitotu and ■>^l' 

bT thH iiltut. Tai IlliivttAnMt did ml Ui Th# VaW 
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minds also, the coni fast between the moiiiimeitts, indieatjTft of n 
flourishinf; and skUlful population^ and the desolation they found 
about them was n peculiat enigma. Tliey spoke of ca tad Yams, of 
Tolcanic eruptions, that might Imre chatigi^ tlietjourse of the islnnd'a 
history, hut Uxeso were pure gueses bas^ on aiipeificiol ohsen'atjon. 
In ihe find half of the nmeieenth century, n different group of visi¬ 
tors appeared. These were the whalers, mrrst of them cnterpristni; 
New Englanders in pursuit of hitaiiiess and adventure in the South 
Soaa. A few echoes of their eiperientes como to us in iiidircct ways. 
Tims wo know that the captain of one of thi»e ships kidnapped SBTBral 
men who afterY ard escaped and tried to swim back to thdr island 
although the y wero 3 days otiL It is not surpriaing that relations 
betw'een the whalers and the natives were far from cordtaL Too often 
tlie shifis' officers resorted to impressing tlie i-slandert into their sorv- 
ieo. Such incidrnta explain I hr hostility shown to souie European 
navigalont between l&JO and tSHO whoa tliey attempteil to land. But 
these brief visits of Yanbee sailors wen? not without benefit to the 
study of Esstor Island, Thanks to thotr collecritig instinct, numerous 
precious specimens of its early art have boon well pre6errei<| in the Fea- 
Iwdy Museum ut Cambridge and the Peabody Slueetun at. Salem. In 
Camhridgp, besides vnrtDUs wqcmI and atone carvings, thoro are two 
iniagoa bnuight from the islanfl, made of liark stuffed witli btdruf^hes, 
which mpreecnt ii branch of its artistic tradition otherwise entirely 
unknown. They are Cfivcrod with painted designs that reproduce, 
with ffne and precise workmansbip, the elaborate pst-toms used in 
tattooing up to a hundred yeats ago. In this respect the old Easter 
Islanders rivaled the achievemonts of the Mantticsans. 

til J$S9 a frightful dhtaster befell the islanders when Fomvion 
biackbirders attacked the island and kidnapped tlie king, a large 
number of the nobles and priesln, and many hundred ctunmoners, oil 
of whom were earrietl off to the guano Uliwds of Pom to work os 
ataves. Most of the people died within a short lime, Wlien at lost the 
few survivors wcib repatriated by a French ship, they spread among 
the remaining islanders the smallpox and tuberculosis contracted la 
Peru, Thus within ii few ycare most of the native population wid 
witlt them the vital links with the peat were wantonly destroy«!, 

The mystery of Easter latand bocame still deeper when, in 1844, 
the firat Christian miasionories (membetu of the French Order of ilia 
Sacred Heart) flirivud and tri^ to obtain from tlte imtive? details 
about tho origin of the statues, and the methods that had been used to 
transport them—since many of iliem had obviously been moved from 
the place where the stone was tittorried. Their answers to questions 
of this kind were unUlumiaating and idiowed tint (Jiey had only a 
vague tradition tyf what had happened before iheir time. Their ig¬ 
norance, combined with the state of pHmitivo poverty into which they 
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tiud fullim, again emphasirad their euigmattc rdadun to the li)st ci^i- 
Hzatiun^ of which the Etatiiea and great stone tnauaHeitme tifi wtU os 
olher fiitp j j wrought reiaaiiis of the past were oiQiO evidence. 

TIteu fidenUst^ hegun to study Easter Island. At what dnui wnl 
by what oiHiiiwr of men, they asked, were these images ^made, with 
lileir colo^l btdk, tlieir empty eyes aiwl scornful expr«iBLoii&l W»b 
the island the retunont of Jt sunken cuntineiitlf Had it been inhahiled 
by a pofferfnl earlier rece wiiidi bad died out, or been destroyed and 
liispluccd by more wui'lik® ctnumerorsl Had eruptioiis of llte vol¬ 
canoes (atterniinatcd the ekUled craftemun, the sculptucs, and the archie 
tects, leaving only a small group of people loo discouraged and weak 
to t^ntinuo the wort of their forefutlieral 'riiese are among the 
qiie&tious that still piiX£le etudenta. 

The statues symbolic the myatery of the idand and have made it 
famous. Yet their paradoiitii prreeiiOB on thia speck of land m 
(he midst of tlie Pacific ia perha^ JeSd dilSimlt to undersiand dnm 
are the wooden tablets covered frith small incised deaigiis that were 
collected from the natives in tJie aecojid {uilf oi the lost century. The 
tahleta raised the fiifoinatlng quirstloii whether their makers used on 
tlitiin a kind of hieriJgiyphic script which might some day be de¬ 
ciphered and would iinveU the secret of lU posL But oil attempts to 
decipher them, with the help of intelligent natives, failed. 

A few veara ago tlie study of the tnblsta look an uneapected turn. 
A Hmtgarioti linguist, Gutllaume ds Hev^y, puhlkhed a lung list 
of Easlsr Island hieroglyplw which, it was claimed, presented very 
striking antilegieif with the symbols of a newly difioovered script found 
in the ruins of a clvtliaatlon, 5,W10 yeans old, in the indUB Valley at 
Mohenjo-daro and Hnrappa. There, coetaneiuja with ihe Sumerian 
civilization, flourished lorge and opulent cities inhabited hy peojile 
whose name and nffiliatiom are totally nukiiuwii to us. They were 
wiped out prohiihly at ihu lime of tho Arynn, and Ihair cxiatence re¬ 
mained imaiispecied until tbs great cacHvodons of Sir John Marnhalt. 
The Mohenjo-daru people have left a great many inscriptions on seals 
whicli lutve 80 far resisted any attcni}>l at decipherment. If it could 
be shown tlist tho two scripts were related, now light might bo thi-own 
on the obscure post of the whole Pacific area. 

The probletn thus posed woe of such significance for on under¬ 
standing of llie narly historj’ of man thot the h rencli Government m 
aasociatiou witli tiis Belgian Government decided hi orgoniise an 
eipedition to Ewtor Island to try to read its riddle. The Iwdor of 
the expedition was a Frencli archwilogiat, Charles Wateliii, who, 
unfortunately, died in Tiemi del Fuego. I woe then asked to cany 
on iha research, in association with the Belgian archoologiiit, Dr. Henry 
Lavochery. 
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saw Easier lalimd lot tlie ifirst tinie uiu n t-uiny day iti winter. 
It WHS jUiso my Aral right tif u Polynesian idand, I did not ojtpect, 
of c^iurciOt tit liiid Llie cla^o coconut palma ami lubiktm, for 1 kucw 
that tJio tslniiil was tn>es or alu^uhsT but 1 cmainly had tiol 

iniughied that this outpost of ih^ sutmy idimda in the Somh Seas 
would temind [ue^ ils it did nt once^ of the co^ts of Sweden and 
Norway^ When the crtui^r on which we had mado tlie voyage 
iiiudK>rod olF Hioigurua^ Llio only njodem viUage on die island^ 
ni^orit^ of Sciuniuia%'m canie eviyi umre vividly Into my mind as 1 
exiizniiied through my Aaitl gta^s llLe fnuiio houses of the native^ 
which are of n tyiws common in nortlicrn Europe* The capital of the 
tegendaiy Ea^er island looked^ for all the world, liki^ a humble Asher- 
men^s Imiulei seen in a fog on the Baltic^ 

I doill never forget that JjrsL day when we wTore anclmred just off 
the little harhor* Giists of wind drove long rollurs against tlia Ehore 
with miiih force tliat ^hey Intdte amid Kpeuta of Jtpruy with a deisp 
[Kiuiidiiig. In fivmL of the a^rndy eov^a, die waves piltMl up over a bar 
thati il sermetl, niibody coulil cru^ Ilia nadve^i gadieretl on the 
beach did not appear very eagw to inecf us, but the A’amTi^ra, the cries 
wliJqh fiiinuiiiice any imporiant evant^ hnd soiuideil in dii* willager 
and from cverywheitu, oLi all die polha leading to Llio ace, we could 
see men on horseback coming at full speed. I^ear Ibe bnathuuBi^ u 
palaver wae held, mid on die outcome of dun every thing de|midcd. 
The commiiidej’ of I Eio cruiser tuid decided that oii no conditiuu would 
put m and our 90 of equipment tydmre. Our only tuipe for 
an inunediale and ^fe landing lay wltli die PAtives^ 

Suddenly we saw them mah to the boaihou^ drug th™ cantiea 
tovnin] the see, jump intii iheuk nod dlMppear m ihn «iurf. We h^ld 
our bmtth, expecting die canws to <^psi3^ in their attoinpt to cross* 
dm bar. But nftor a short time, ono^ two, then all kiiree surged up 
from die wall of water and headed lowArd our aliip. The men wen? 
receiver] with cheonf, u welhdeserved Lrihute to their courage nnd 
skill. 

When the cuto<^ reached our ship we saw tliai they wrro full of 
tiELdves wan ring the lun&i eiirpHaing disguisijia. The majority wero 
drts^sod in old tmiforma of the Chiliuui navy. In ono canoe there 
were, it appeared, haiitenafita, ndmirmb, surgeoua, and lUigin^Tiii A 
fi^w had ahro put nu feather tieaddresses, nirnilur to tho^ in whkh 
llicEr ancestors bad received Captain Cook, but they wore them merely 
us an advertise men t of the native wjiri^of all kinds whicli they wi^ed 
to tTTt<le for eliitta and sailorB^ cups. 

Ejich iJiiio \ fiiad myself uriug Urn word **nji!ives” for iho mcxlam 
intiabitanU of Easier Islimh I have a hesitant fooling, Juot os h^- 
Unt HS on dial day whim I first naw their fac^i* uvnr rim railing. I 
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could not decide whether these men nci« {i betcrogaaeons crowd of 
European iKochjcombera or reai PolynesianSf the Eons of the sea 
rovers who had coloaizod the ialantL llint European blood flowed tli 
tbeir vaiiis, Uiaro was uo doubL Some of the men wbo canie aboard 
iind trietl to eal) their curios lookrij demdidly Franch; ntherc might 
almoiEt Imre hod brotlicrs or cousimi iu Hamburg or in Ixmdon. Yet 
there was soiiietUing eitotic in all of them and traces of old Polyne^an 
descent could be seen in their blacic, wnvj hoir, in the strange, vivit- 
Gtous dai'k eyes, in the high forvheatlfi. Tliese first Eiistar tslnJidom 
whom I met impressed me os of mixed race. Luicr, genealogical 
inTeatigatioiis ahouoil that only a diud of iba present inhuhitaDta 
could claiin descent frujii a pure Polynesiau ancestry—imd the cliums 
were not al ways well attaated,. 

There is one muicuiiceptiou about these people which should bo 
dUpeUed. It has been stated over and over again tlmt the nxdeiTi 
Easter Is]Anders are a ilegeuarate pppubtioii and that ifat^ can bare 
notliing in common with the people who cervod the statues and 
inscribed the tablets. Tliia Is not true. I'hey appeared to me in 
many ways to bo highly gifted. 

During the 0 montlis 1 spent oit tho lalaml, 1 foumi myself cihin- 
IkIIcuI to admire tlieir ingoiiiiity and their temnrkahtc talent fur 
osslmilaliun. No Eurojtean village has given me the impression of 
mom intelligent uilaptadon to a changing world. Tliis capacity is 
doxtbtless msponsible, in part, for the ixtssiug of the old culture:. 
Though ths most isolated people in ihe world, the Easter Island ere 
aro constjuitly on the lookout fur new ideas, new fashions—tend also 
tujw vices. TTieir eitraordimiiy faculty for exploiting any wca knees 
or interest in datir rufitoru hn-s luid £Wme aiimaiug nsaulte. Fur ex- 
ample, a few years after the misdiuJiarii>i> came to the iulaml, tbtj 
nativisf started to speculate on the aiitifjUiltee and on the myaterioua 
past of Llieir little country. Finding tlist foreigners were interested 
in the small wooden images of cmsctated Oguroe which had been uim 
of their forofiUlinttf gnulcst artiatic achiovemeiiU, they procwtled 
to produce crude iinitutionB by the hundreds, The mmleni craflonutii 
are without illuaion os to tile perfection of their work, but they excuiw 
ihemselvea by saying; “^Vhy shnuld we bother about beauty and 
dnisb when our patrons don't discriminuto between gwHl and iuid 
images and ws get hi exduuige the soap and clotlice we irantf 
iTuuikfi to tliia co&uuurcial instinct, several of their ah] imlustrieiH 
hare been kept alive. 

One of Llieir greatest and mntft profitabla activities is pnlmii^ oS 
oil amateur archuulogista rough etonee alleged to he ancient artifacts 
or weli-iuade imiUtiona of them. The very tby of my landing a 
native cynically proposed to cooperate with me in faking old implex 
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mffiits «nl *^orlts tif irt. liH Wes *h 3 iliiL since I had book-? and 
phtito^rniths sliiiwujg iJic tlealgns and he Usd the uiaiuial skill wa 
might hrmi an ideal, not tu say n proJitJihW, purtneraiiip, T miist 
confess that on saveral occasions the islanders' fikiilfui inuLatious 
completely dcceivid me, luW t thus actiuitiW a beautiful colkction 
uf ttiicitni fltons hooks iLat I only gradually realiaed wuiu niodcnj 

copies. . 

This continuwi proctiw of tiie treditjonal arts has a certain his^ 
tnrical hearing. It suggests Umt tliero hes never been a complctfl 
breach in Easier Island civilijatiDii and Hint llifl presenl imtivea, 
however inii«d in bhwd they may be, are, neverUiWcss, ilw iUt^eessora 
in direct line of the unknown men who carved tln^ old wootlun utiagoa 
llmt are nowadays pri2:ed speoinions in onr tiiusomna. 

UnfortuimUdy* liiis ia nut the only old cuistoni wliteh has survived, 
From tlie time VUen Uio Dutch dincovercd the iflland to the present, 
its people have had the fopiitaiion of boing the clevenosi thieves In 
the South Seas, and nuite rightly. 'Him eompliiint ia rcpcat&l in nil 
rho accounts of the curly navigators, mnl miiiy 'Jf Hie dnuuatic inci¬ 
dents on the beach <tf Hangnton hnva arisen from the natives’ bra5»n 
contftnipi. for the sanctity of [jrivate proper!j. Only the aonEitivu 
Olid elcgiint French explorer lui I'croiifie adopted the policy of lauglt- 
iug Jit such pilfering, and paid no furtlicr attention to it. He and 
bis men were omiiBcd by tho uttitudio of tlio mit.ive women win) helped 
their tnalei: pick pockein by distracting the aUentitm of inn went 
victims throngh enfrvalics and ’‘ludicrous gestitres.’' 

The natives of our day are just as thiov.ish as ihair furefathors, and 
this v.-aywnnl disposition is Ihe.causo of midless troublos for (he Eng- 
llsli compimy which has leiuwd tlie island from tho Chilean fjovum* 
ment far alioop raising. To prevatit (xiiiiriant stealing of the sheep 
tliu company put harljcd wire aemaa tlie Island in an at tempt In 
foTvc the iieoplft to rmnain within Uie laiumls frf their village. Hu' 
such drastic mejnniros were of littln avail, arid in «1» jvar I siH’iit tliert 
3,000 sheep disappeared. Though tho culprite are known to the whole 
commujiity, family loyulty protects them and makes inveatigulion 
(IWfloSS. 

Otherwise tlifi natives are law-abiding lud peaceful! there are very 
few recorila of tmirder or bloody violisncn ottwing them. The only 
criminal wt hoard of was one of onr guides, who, iroiiicnlly vnnugb. 
proved to be about the only honest man on the iuittrid. 

Tlic people live as they did in the past, on the produce of their 
fiAlds. Taros, awcet potatoes, yams, toinanas, and Fogarcone grow 
abtmdanlly ou tin? fertile vuJennie soil. Tho only wants they can¬ 
not supply thamaali'cs are for maunfoL-iurMl g^Nxls such as soap. And 
they like especially to gel foreign '.‘Imthlng. In this mattar, the men 
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well for tlicuiai'Jv^ by Imrtsi* witli (lift wliitt* iSRilprn who viaU Lba 
htii the wotiipn t'annol be t;r» froTidnl for, 'Diey ■M'^mpltiin 
bitterly of the flifl]cully they tioTe iu. »atlt;fying their (^oqUl*ltbih tuto. 

For tin inthro|>ologifit, the muteriiil oti Enster IeIstkI Ia mther 
siCATit. Tlie oltl tnlitire has nearly ^pitic. Westerner ever saw it 
ivliih? it W{i5 si til functioning. The dais on the past , which can be 
jpithored, arc liniUtKl to siatoments or tales which n few |)e<ij)le huTo 
heard from fathers or ^indfaihers. XevcriiielKSs, 1 whs Eiirpriaed 
to find u reliLtiTflly rich folltjore, which liclpcd me to undarstiwitl many 
astJectfi of tlitt ujidpiit clvilizaiiori. HtHh Icgemls and aiiacdtUfti* Firesa 
eanniliuliam. which iwwnis to hare hiimtrij the imagiuNtion of tha 
Euster falttmlrrs before tin* arriTiai of C!tu7ist.iantty. 

niose who ettpect to find iit these traditions any evidence for the 
ej:istence of a civiltzation preriotis to that of the Folyncaians wilt be 
sadly iliirappoitiled. There is not a single feature of the Easter Island 
lore tbai does not point toward Polynesian origin. The language 
itself is pure Polynesian, and no words now in use hint of a legacy 
from any other linguislic stock. 

14)c^ am the main facts to bear in mind as wc turn to the prriblcTn 
ptHseii by the mystoriotis gigantic btatiies an<i the inscrilied luhlets. 
But before vre go into it, we must firvi consider what la to he said of 
the theory tJiat the island ia a peak a srmken conttnciit^ since upon 
this asumption the classic Interpretation of its mysterte.a has for a 
long time reated. Tliero la no sclent ific avidenco Lhai Euster hdnnd 
is the wrwhago of such a sunken eontinent—Lemuria or Atlantta. 
It is plainly a typical rolcanic ialand of rociail origin, Innncil by a 
Eoriw of fl^^lf^tinft^ originiiting on the floor of the ocean, Soutidingst 
ha^TS revculid a depib (if l.TTO fathoms SO milra from its coast. 
Moreover, when the island was seithKl by Polynesian migrants it does 
not Sftfttn to havE lieen much morn extimslve than it ts now. Its cuiuts 
are sub jetted to condjiual wofiioti from the wares, tiiid it ia true tliat 
during the lust decades & few of the manuments which once stood nn 
the lap of a liigb. cliff have been precipitated into the sea. But sinco 
ilio ancient sanctuaries were erectod along the shore, if ilis crodon 
liad Iwen very great, all nf l.heip would Itavo been wuslied away by 
now, Tlieni his nls«i been a rtiieMion abont a great road which, it is 
said, ran to the shore of the island and continued under water, sug’ 
gesttng that the ahore was once much further out. The ftimnns French 
wntrr. Pierre l/iti, w'lis, if I am not mixiaken, the first to mention this 
“iriumpliiil DTi'jma,” which he thought would lead to the heart of the 
mystery, On n simple alatemant of this traveling poet rlajona of 
suLmerged glory have beim hawd, and many goml minds have a 1 lower! 
their iniaginationa tn follow the submarine road down to enchanted 
palace^ The truth i$ that no such road uzists. What IjJti took for 
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jhitkI highway is enrn on cto^ esiuuituititiii to lie only n bej of 
IfliTti (hnt in its flow MiicIteJ. the sun.. 

Other writera, fihtndoninf; the tiypolhegis of thu eunken eoniincnti 
have ndviLncvd Uie irieir (hat Eftster latsJid is the center of an archi¬ 
pelago whieh vanished bonealli the wavt* in a gT^t cataclysm not 
90 ninn y ccutnrJcs ago. They Eiiggeai further that the inhabitants of 
ilLisRupposed stringef islands had uKodEaster Island asa hunal place 
for their dead. Aoconling to this Burmiae, the dream Lmirl cif ttavia 
would Lttva Ujt'n among the many ialanda tliat were wibinergetL But 
no geologicnl facts can lie found to support this theory either. We 
know, loo, that the sanrtnaiiKS of Easter Island contiiiiif?d to b« uswl 
as hurin) places by tlm islanders as recently as TO years ago, Httina 
of old villages near the monaments are added evidence that this 
speck of hunl was inhabited by tha living in former times as it is 
today, and Uiat it could not have been merely n niaufloleimi. 

However, lliero remains the hafQing fact that such a diminutive 
bland ia covered with great statues, sonie of them iSO or 40 feet high and 
weighing many tons, Despite my skepticism about the elalwrate 
theories offered in explanation of this miracuLous ffowering of iKulp- 
turc, 1 muiat confess that 1, loo, like all previous travelers to the island, 
WOE ovcrwliehned by a feeling of astonishment and oivc when I first 
Eaw iheoL 

Tlicre art few spectacles in the world more impressiTB than the 
sight of the stotiU! cittatty on the slo[>« of Banoraraku. Tlie place ie 
indeed einbter. Imagine a ha!l*cmmbtMl volcano, a black shore line, 
and huge dills which rise up from thn eta with smooth green pasilurcs 
ahoTc them. Guarding the quarry, near the volcano, is an army of 
giant stone figures ecattored in the most picturoeque disorder. Moid 
of them still stand out boldly. Successive tandslldea have partially 
covered ofliers, fto tlist only their heads emerge front the ground, like 
those of a nin^cd race buried alive in quidouind. Behind the rows 
of the erect atatues. along the slopes of the volcano, thnm are IhO 
figures still in the process of being Imm. Wheniver one looks in the 
quarry, one sees half-fhushed sculpture. Ledges of llis mountain 
have been given human shnpe. Caves have been opened in which 
statues rest like those on medieval ecpulchens in the crypt of some 
great tethodral, Ilardly a »nglo Burfaco has been left uncor^'od by 
ihi< artists in their frenzy to exploit the soft tufa of die mountain^ 

Tlterc is something wtird In sight of this deserted workshop with 
the dead giants all alxrut. At every step, one atiimblea over diiicardiKl 
stone hammeru. It ia as if the quarry had been abandrmei;! on the 
eve of Boiue holiday, and the workers were exjiocting on the day after 
to return and rostime their tasks; indeod, in several cooeii, only a fow 
more blows would have been ojeeded to cut the status finally free 
from Ihfi rock of the slope. 
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In my qnnicm, tha Bcamijigly sudden intomiption of ifork in tbfi 
ijusiry is tlie most pvutzliiig problem presented by Eiistct' T^and- ^ucfi 
an abrupt ^opp&ge ia iliB sculptors’ activity suggests sumo ttufora- 
Boen catastrophe, satna extraordinary event whidi ujisot tlia eutira 
life tif the pLice, The natives have alfvaya had the Idea that ntugic 
^vas at the bfjttom of the trouble whutever it was, 'Fhere iu a legend 
atnang them tliat an old sorceress, forgotten pcTha[is at s femd, may 
in lier rage have put a ctu^ on the quarry which frightened the work¬ 
ers forever away. 

If WH reject this fabutouB Etory, wo have no explanation of the 
phenotnonoiL for which tliore is any basis however sli glir. Was there 
possibly some surpriw attack by a hostile jiroup on tlio ialand in 
which all the akill^ stojus carvem wore kili^Y Was there an attack 
from chance invaders I Were tho imtivcs suddenly ovenvlwlnitsd by 
a viol cut epidemic, or did tioroething about tlieir tirat contact with 
white uitm cause tliem to lay down their Umls once for all 1 We do not 
know the answer, and 1 doubt if we sliali ever have luiy light on it. 

WlifttovBr the truth about the end of their work, it ti])poatB that 
tho lost of tho atone carvers were under the spell of a tnegahiuumjac 
dreuju. Somu uf the unliniahed tftiituea are of eiiormoufl sbe, one of 
thorn 00 feet talk Otliers arc to be found in places out of w'hich it 
aeenw impossible that they could ever have been taken. Porhapa their 
sculptor? never intended to move these isolated giiints. 

There are two typea of Easter Island statues—those which sliil stand 
in the crater or iit tlie foot of the volcano Ranoraruku, mid tliose w‘hich 
once eunnouiited tlie aiu or burial place.s. Thougli tlicy aie of the 
fiatne stone and of the some general style, there are diHerencee which 
arc wortli stressing. 

A word must be said about the burial places, which werit situated at 
frequent tutervuls all along the shore in a Hue tliiil encircled the 
island. Most of them were huge stone struclurea of a peculiar 
plan developed from the primitivu cairn. In tliese large iiiausMlcutus, 
die crude heap of ^onus has evolved into a reul monument thi'ough 
the uita of a retaining wall. This walL, which formed a facade always 
facing seaward, was built of slobs or regular blocks of stone carefully 
fitted togelltcr into beautiful, amuotli surfaces. Behind this is a leval 
platfumi, and than a gradual sloiMi backwordp filled in with coansc 
nubble, llie central portion of the fi^ade juts out, like the apron 
of a stage, and on the top of this projecting part of the platfoim 
stood A row of HtAtues W'iih their focus turned inland. In tha Jong 
■dope leading up to thin sActtHi place the dend wore buried. 

The figures of the mawmloums or sonctnaries were in the nature of 
huge busts, Uie head being dispro|>urtinuatdy largo in relation to whut 
appears of tho body. The bock of the head gooa straight up fmtn the 
ifhouldom and, with the vortica) lines of iJ^ oars, gives tho head a 



444 ASSVAh BEFOUT SMITHSOSIAS INSTITUTION, lOti 

flAttened appiiiriiiicc!, Thg eyebrows ftrc well marked and orerlap tho 
pllipticfil cavitiw wliidi rapresimi liie sceketa ot eyes* The mm is 
Itnigj the tip nliglUly MpLtiiTwd Ji4id the uostrila expanded. Thft thin 
lips Art piirucrl with what n scornful cipresfiton* The urtng* 

plightly ftaxei), cling to thf. bust with the hands jumed over thft ah- 
doTDeii« lieh^w which the figure is cnt ivff, 

' The otlier sculptunss on ilic U!atid“die loticly iningofl on the plnin 
and Liioae that guard tho slope of the Toliiano ftanoTarakn—have the 
gam " foalurefi except that IhtETO ai^ no sockets for the oye^ Thu port 
of the fteOi lus in scutie iiiodemisdic sculpture, is defmed only hr Llia 
ridge td the eyebrows and by tltc flat plane tlio cheeks bdow. The 
tawsfr part of tliese sUitoes tapers to an euomiodis pirg, which was 
sunk into the soil 

Tlio function of the oAn images can be surmised from aimlogiee with 
the rest of Polynesia. The old Marquesans, close rdatiros and perhapi 
forebcflus of the Ew^^ter IslanderR^ adorned their atone platforms ^vlth 
stalues which n?pi‘feentoil Uiuir wneeatora. Among aU ihft native of 
central and triarginal Polyne^a, there is tlic sam^ tcndcsncy to give 
human fotm (n ancestn^ gods presiding over the sacred places. In 
f Imsariciuari^ of central Polynesia aloodi htige jilabs Unit were wr^'Cteil 
in the same fKseition os the Knster Island j^atues^ These slabs were 
receptacles for t!ie aoiils of the ancestral gods, who cnterfid them whra 
they ware called by the pritj^jt^^- The Ea^fc^ IsIflUiJ ^teitues are merely 
a morei reailistic dcFVoIopment of this idv^, favott^d by thi' existence of 
easily carveil tufa d^fioaite. Their aoniplorvi elftbon)tc<t mlher than 
origiiiateci i tradJtioiL 

Eyery^here on the lEland atatues are to foiinct; on top of volcanic 
hills, along cliffa^ and in places which seem almost hiaecessible. Their 
ma^ must have made their traTUixntation difficult, As a matter of 
fact, no one lias yet explained how some of them were hauled from the 
quarry and then or«ied on lie platfonns on the opposite idde of the 
island. 

Of courw. tliere aw many other iitstatii^ of with railimentery 
equipment moving ohjecu of for mEliinc«t ihe dolmena and 

man hits of EuropeL Ac the statues that tho Easter Islanders 
crectwil on their sanctuaries were of (ha imtivo tufa, they wctc not ex-* 
ce^ingly heavy for their bulk I'heir weight raii^jes from 5 to 9 (ojib; 
only ono weiglia m mueh oa ao tons. But bscaiise the rock fnim which 
they were carved so ft, it must hain& been neciwary to lake innumcr^ 
able prraautiiJiiB not Co nur or break r.hem in tranait. This wntild 
have been oaay if abunclaut supplies of wood bad been acce^aiblep 
but, except for a few bti^es, tlio inland e«ms nlwoj’s to have 
lacked wood. Good material for making roim was apparencty aJeo 
lacking* 'rite only thing Uiey could Inive Icwn niado fratn Is paper 
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mulberry* which tho nutircei grew m si>ecml Btotie'eiid<ieed plota Pa?- 
hflps tho wood mcc^^ry for making «iodg^ on which the ^tatnca might 
have hem [lauLed was I timber that floated aRhore. This b frequently 
me n ti i med in a ncrienl talea. If native timber or dri ftwnod was available 
in the old flaysi the difficulties of Immfportalion would not have beau 
ovenTlielming* Wo know that otlier Polytteriana f.raufported objectfl 
rpiite a& heavy os the Easter I^liind Images^ For ine^tanco in the 
\Iarqiie£a^ slabs weighing oa much as 10 tons were hauled along the 
slopes of the mountainB- Ilia famous dciorwaj* or trilithuii* of Tonga, 
which is one of the marvek of the world* has a lintel weighing ZO lonSc 
But when th* Easter Islandera of tjoday are asked about die means by 
wbkh statuea were tmasportedi Uiey only ^y: “King Tuu-ko-iho, 
th^ great magidan* used lo move tUtm with tlifi wonbs of his Jnciutli.^' 
Other questions have ari^n al>otrt the Ea?fter Island carvings. How, 
for instance, did the pcopln get the manpower for #uch large entar* 
prises, which would hji.vo been Imposeible^ it se&tws^ If the population 
word as snmll us it is tcalay f The answer is I Imt befuro the Euro[>6ans 
arrived^ the tshmd had teii limes as many iulubilaiLy as tl now has—4 
or 5 tliousnuEi would be n corLservative (^tminte. We know this from 
data given by jt^ SriAt Eumpeiin viaiton: and the early missionaries* 
Again*are t.hese htat ties as tdd as has l^n said t (Certain writers ha w 
dated them os far buck os 1000 B. C* Tlieto arc even some who Lbink 
that tliev might h ave bee n in cxi steiico 10*000 yea re ago. But the weight 
tif gcneial evidence is agatnat ilicso views. Althuugh their tuatoriai is 
a relatively soft stone, they eliU retain sharp outLinea, and ihfl ham* 
mer murk? are still noticeable m tituin. Aa tlie winefe blow with re- 
]erLtlcs£> force over the iBland, and raina are butJi frequent and violent, 
if the carving had bevti done thuii^nds of yeara agti, ii could not bo 
in such goi>cl condition os it is today* Tradicion seoms to indicate that 
the PolviLesiun ancestors of the present inhabitants camn to the island 
and settled it in the tvveffth and ihirEcenth centunea A. D. All tilings 
comsidcml. I do not thmk the sdaluiss can he monj than live or aix 
centuries old. But no dsJluite date can be i^t fur llicm^ 

Tim hgui'tu Iff stone tliat Htoud so Idgh uIkivc the iihorre of Ka^er 
latanih and in such striking formation that it is nn wonder they amazed 
theoM navTgatQrB,havaattniclcd more nltcntioii than the other mystc* 
riouB objects lu which I have aUv^udy referred—the wooden hiblels 
witii ruws of strange signa inched on them. But Eheso cufious pieces 
of wfloti haw i^lm given to much i|iccutBi)nn. ^Fbey wen? bought 
fritni the natives by the mi^iouariea in tJw early days of ihair work, 
ttiid over ^iucc they Imve been iliought to eontahi a reid licript whidi, 
if it wM hf- rendj would prove a key to ihc islntidB tnyaterieg. 

The first white man to diiscover the tablets was 5(nnaeignfliir Janssen, 
French Bishop of Tuhli i, in As he was lonking at a piece of 
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fvifOiL wra[>jM 5 ii ni'fjunii with struiilfl rtf hair, which a missiiijinTy had 
hHHight frfim Ea-^er iFiland as n gift from the tifttlvea to the head of 
Uicir iioar dmreli, ho wng puzxied by the ro'rfl of emaU desigiiH ho 
iiutii^d on it, Thesse ho Umlt < o l» liiowgiyplifl. and his Ttew has bwax 
Bharod by all l.lie Inter aiudcnls of the |irob]eiiL 'Die stu^Ued “hiero- 
gh'phH,” cut in the wood with a shark’s tooth, ore realistic or convoti- 
tionnlbed dniwtnga of rariotis subjects, including apparently geo¬ 
metrical figures* Many of thcin represent men, animats* plants, and 
other famiiinr fortns reduced to tlioir essential features with no tumeo- 
i^siitry detail to hlur the imitgc- Thi^ run up and down the toblcLs 
iti rowH so arranged tliot when tlui reader oriiTea at the bottom of 
niiB row, he has to tum tbs tablet upside down U> sec tim designs of 
the Jioit OTio in a normal pooition. Thse imagrs, or chiirBeters, are 
atmirtg Uie masterpieccB of primitive graphic art that tuivn come down 
l<i ua, Tliey art! outliiiEd with on exquisite grace. Tire .sytnbolH nro 
nnifonn in fltj'le Kaggestltig an esitrdjlished and liighly developed 
Bcsthetjc tradition* 

Unfortunately, the diaoovpiy of thia temarkabtc work was not fol- 
lowed np Iry itcientific inquiries at a time when tlioy might have borije 
fruit. Wlien, finally, in IflH Mrs. Katherine Roittledgei the distin- 
fminhed English anthropologirt, tried to obtain a key to its meaning 
from tire last noLlve who had been trainee] in the old chanters’ school, 
it was already too lute. He died of leprosy a few days after tus first 
interriew witii her* The modem native# know nothing of thv matter* 
Tltey tel! tnert>Iy vague tales of tlie tablets, saying that tfiey are magiiial 
objects which have the power to can* death. 

The supposed suljstance of the rows of designs on some of the tablets 
was dictated in tlie Easter Island dialect to Jeussen by a native named 
3fetoro, Bui whan MoU>ra’3 words were tmnstai»] it. appeared tiiat 
they were only a simple dNcription of llie designs, not their acttul 
c^rlntpnt, oat hsd been hoped. 

ntber attenipin at interpretation luive been undertaken but wiUi 
evf* Ie» sucocRS, The most serious wm that of on Ameriran naval 
oflirvr, W, J* Tlionwon, In 188ft he tried to obtain t.he text of what 
was itiscribed on the tablets from on elderly native. This roim un¬ 
doubtedly had some kui)wlD<!gs nf the (‘harorters, hut hn had Itecome 
a good CltrirtUn ntid whs afraid of jeopardising Ids diauces in another 
world by loiiching the lablds or even lookirig at their pagan symboia. 
In order to resist the temptation, he ran away and hid in a cave, where 
llmntson liiially captured him. There he was “atimulatrd” by flattery 
and a few drinks to what was thonght to be a rovetation of theeu eccnite 
of the past. At any mto, he began to idiant old Polynesian hymiw, 
which Ije said were the texu of tiie tablecs. Thomson and his col¬ 
leagues noticed, however,, that their Informant was paying no atten- 
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tion to i\m ro'^Aot desigiLs ke fai^ thauted Rud did not repeat his worUd 
wiieu ther ^ain^ VfoJ put into his batid^ u !i»i>cond timcu He 

tbenfoii!^ liiQUifhi to he a fraud lOtd was 

As I tmvo ilroady Fiaidi a dr&iitc due to the eni^pam of Uiio BO-eaUed 
^*scrip4^ £ioi:tued at luel to linve been discovered T year^ ngO) whoti 
de Hevesy pointed out m series of andogies between of 
Easter Island designs and those of an old Asiatic script found on stone 
and clay seals in the mins of two forgotten cities^ Motionjo-daro and 
llarappai ui ilio valley of die fndtt& NoWf. archcologiute agree in 
iidiiking that the civilization of tlia Indus region datoFi from about 
liOOO B, C. Ite peopLc wcira an unknuwfi tuos llint knew how to buUil 
ptanmx] citiea with a compticatcNi e&werage The ^ipt they 

used is EiilJ utideoipheFed^ but hypothet;^ about it I rave Lxieii ad¬ 
vanced which, if snhstimliated, would make it one of the earliest 
known forme of iuai>*s writing. Some OnentaliFts aee striking anal- 
ogic® between tlik Mohenjo-daro script and the early ^mesa 
hieroglyphs- 

AlditJUgh tlic rtibUcinsliip betwmi Island and Ibal 

of Uiv ludua baa been aec^jitod widely aa a demonstnit«d fad, ] can¬ 
not help being skepticiij fur gevural rea^kms. ’riie Indtia civiii^Lionf 
contctiiporiLnetnis with that of Sumeria and Egy|ii. waj3 cxiinci by 
£^b00 B. C- Eku^iar island culture died out only 80^ years ngo. Hough!j 
15,000 mile8 of land and sea £H^pani£e the Indus Valley from, the island. 
Between them lie ludJa^ Indoneaija^ and onorniouB waaicd of waticr. 
In other reepouls Muhciijo-dAix> and Easter Ishind havu noLhing bi 
coMinion; the arts of tlie Lridun, like weayittg^ potlcry, ami nii^tal 
workings were untaiown to the remote islanilenL llie proud city 
ilwelJens of Mohenjo^dam w^Aitd have looked down U{h>o the half- 
naked |>ef}ple who lived in thatched huts, nnd indulged iu amnibalism. 
How could two Snell difforont and widely separated people have shared 
the same form of writbigt 

In order to answer this quesfioii, Ur.de Ilevwy advanecd the theoiy* 
lhat ttm En^4<T^ Island tablets ntv many centurjiat, if not millenniums^ 
old and were brought to Ea^^tor lahiiid by the first immigranif.. Herr 
Uie evidence that remains is agEiitiat hitm The wtjod of the liest and 
lai^gcst Easter Mamj tablet Is that of a Eorojivarj oar. Besides, if 
Heveay'fl theory were to bo accoptod we should have to make the diffi¬ 
cult iLssumption that the Easter Isliinilftrs kept their scrip!, unchnngeil 
for ttiurv Umn 5,000 yearn A cmi^ful nnalyma of the tablets and dn: 
I ndiiK Acripl ha» not laime out thb Oiaoty^ True^ sonic of the aigiia in 
the Indus scri[>l have striking ana logits w'iUi thoise of En.-^ter Inland ^ 
I am, ncvortheli», still mpre impressed by the divergip!icifi«!^ and by 
the doubtfulness of parallels haseil only on a few mms which take no 
account of many variant^j of the sanie design. 
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MoraoTtr, tin;re b little question, I Ijcliov^e, ibat the designa ou tbi' 
tablets were created bj natives of faster lalnniL It would be iliflicuU 
to explain on any otlier ofisumption tbe presaiica atiiong lliEun of ao 
iiiMiy figures of juunuUa l^ebiiging to the local fauna and of objects 
that are found, as far as le known, in its culture only. Mr, de Ilevesy 
intorpreted certain of llie Iflnauir tvland sj^mbola as representntioua of 
munkeyE and elepliunts, but for tbeso suggestinna of India's jungle 
lifn lie drew on his imagination. 

In the hope of tlirowing Bome light on the mvatery, I applied to ser* 
eral tshlotsan aniiJytical method. I counted UteirsyniWlstJid Ktmlietl 
their coinbinutiona to lind out whether tlioy tiiighLvomititute nn actual 
scripL i f tlie syuihols ropresenUrd soiiuils. tlic sams tuguB would have 
been eumhinerl in the niuue order whenever a word whs repeated. 
But tltia seldom Jiappens. "ITie samr enmbinatioue of thw Syams sym- 
liob rci'ur in only h veiy few cases. The individunl designs are re- 
peateil over and over ogain but Hpparently in haphaziuvj order. No 
cltlfi to a script came from this studv. 

Jf wo might nsfiumo ihot the tablets contain an actual script, tho 
quistion Would arise n'hellior it were piclogrupliic or ideographic. 
To lUiBwai* tliis there am not enot^lt diffemnt symbolB. .Meet ol them 
ans variants of about a hunclrcd fittidatiientai disigna. On certain 
tablets the -oima signs form a high pereentagt »t tho total. 

AssitiUJUg t hat the Easter Island tahleta contailiml a script, T thought 
it iiko)3 n long tltno that this was based on the same jtrinciple 
us tho desigras inscribed on hirchbaib bj* tin* OJibway Indians, who 
record charois by means of Hgurea w'liidi aotnfilitiiHs rrmiud us of 
the Easter Istimd symbols. From tlio itiinges rlmwn on bark, tho In¬ 
dian sbaiMn reads n text which, to hiti mind, they represent, Tlte 
(. uua luiliiuia of Panania still use die same primitive form of writing. 

Jlut one thing minlo mo suspicious of such on iiitorptelDlium Tlie 
Eusder island tahleu ore pieces of wood uf vorbus odd aliftpH.'s which 
are always cowered witJi designs from one end to the oilier and on Isith 
sides. If tJirir contetite corresponded t«a script text, thb wniihl mean 
that the aftiai always knew in ndrance jwet ihe sise and shaTw of the 
piwcof wwKi bifl chant would fill. As thU seemed higlilv improhnhle, 
I was ohLged to ahandmi this entire nnrf ^ek for some 

better due to the mystery, 

I finmd it in a link that has b«wi kept lietwcci) ihe tublota and the 
oral trnditions, {songs, nnd prayers of the Eurfer Islandrre. The repy 
wr^ that the natives use for the tahleta pnm nn on tlie right Irerk. 

'^cy arc called koAau rongerongc, which means Utemlly ‘^orator 
staff ^th»t is, the stick, aoniellnie^ dccoratcil with larvcd symbols, 
somotimes .lot^whklr s npeaker holds in hia hoiids while nmktng a 
public addrree or renting a piece of traditional lore, as i f to give addwl 
Stgiuflcanco U> his wottLt, 'rhe rongerongo were prof esaitma I dm ntars 
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irho fomt^ a societjr, which ciAisted not only on Fjtgtpr l^aiid but 
ulso on otlicr Polyae^ton islands. In childhood they w«na taUj^ht in 
special eohools to mam arize and to recite the Icxre of their tribe. 

EvctyvphcfB ill Polynesia the cbnntem use such an ^orator sUiff.'’ 
Sometiines, ss in New Zeiiland, Uie staffs an prorided witii notchea, 
witich an supptHed to help in reciting genoalogical ublea. In the 
jMnrriites^, tite chan ten held, while chanting, a bundle made of string 
wound about with hnoUed ends hanging down, which was thought of 
ns containing the substonev of the diniit though the connection he* 
tween Uin words and the contents of the bundlo was loose. The bun¬ 
dles symbolized the ebants and were in eonsefiuciice of paraniount 
importance. They were Bolemnty gi*'Mt to tlie young people after 
they had Lnwh initiated info tlw loro of their ancealors. 

Tliesu facts, I concluded, give us the best clue in the problizm of 
the Easter Island tublein. To its chanters ns to the chanters of other 
islands, the “omlor staffs^ were the accesBoricB and the symbols of 
their function. Orignially, the designs on the staffs or tablets nugbt 
have been mnemonic, but later on they lost llieir exact fiignilicance 
in the minds of the natives and were looked upon merely as simple 
om&uioniB or magic eymbols. It may be added that even now we 
cun ohserve on Eoater Island n slight telatlon that Itofl been pitcervefl 
between design and chonL The natives are in the hiibit of chanting 
when they make atring figures or cat's cradles. This interpretation 
of the tablets may not contain the whole truth about them. 1 offer 
it rather os the hypothesis which best fits the facts available today, 
and which harmonizes also with what wa know of an underlying 
tendency in Polynesian civilization. 

But these ore not all the questions that liavo been rabed by Ettstor 
Island, Some observers have found in tlm well-carved and welt- 
fitted stones of its sanctuaries likenesisea and relations to the ancient 
remains in Pern, and to aecotmi for them have said that them stuid 
have been intercourse between these two parts of the world oi some 
period of history. But close study has revealed tJial between the 
Peruvian and the island ruins the resemblancea do not go beyond 
the general fact of an exact fitting of the stones. Hie plan and tbo 
structure of the Peru%4an buildings are entirely different In Peru 
the walls are nil of carved stone blocks, whereas in Easter Island 
they conaist of slab* set on edge outside with nibble Iwhind, The 
only conspicuous archHectuni] achievement of the Easter Islanden 
was to select the stabs and to dross their comers so that no gap would 
appear on the surface and impair the geuenil appearance. This they 
could naluntly have learned to do without crossing (ho Pacific in 
frail oinoes and molctng the long joumey inland to t!» site of the 
wonderful mins in Peru. Moreover, thesie are certamly far older than 
the Easter Island sanetnaries; Thus it seems clear that wv must 
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give up Lope tLnt the ivnimitis ou latand will hdp to solve 

the probluiiia of early Atncricou dviUAHlions. 

The result of ;i jeers' work on the island culture piirsued at the 
Bishop Moseain in Honolulu, witli which I Lave been associated, 
shows that this Ultima Tlitdfl was tliaoovorcd and settled by Poly- 
nesians, who arrived in a fleet of double canoes sotuetune, roughly, 
between the middle of Uie twelfth centnry A, D. and tbo and of the 
thirteentlL The time of the discovety and settlement can be estab- 
Ualied approximately from the lists of chiefs that have coma to us. 
Th^ tlie early mifisionaries took down from the dicUiion of tho 
natives. I wne permitted to copy another ono from a list whidt my 
native inforniiuit had compiled hiinsdf, Mnny errors have, of cours^ 
slipped into these records, but a comparative study of tliem allows tiial 
Easter Island has been nilwl by about 25 or iM) cliiefs suioe the founder 
of the dynasty, Ifntu-matiia, and his people first camp to its shorea. 
AllowL^ W years for each niler^a n-ign^the naimt method of meas¬ 
uring tittle in Polyttarian annals—we find that this must tiave hap¬ 
pened very close to the Iwolfth or thirteenth woiury. From otlior 
ttoiirces, we know also that this was a period of great sea exjicdllinns, 
and that the settling of tfew ZeoJaiul and of many other islands in 
the Pacific oocurrod in what seams (a have Iwen n horoic ace of 
ancient Polynesia. 

Curioualy enou^i, the oral tradition of the migration to Easter 
wi 1 t*** prerarved rotnarkahlj well oven (lovm to the present 
\\ hile J was therr*, I was told in great detail many more or 1^ legend¬ 
ary ‘nridMtn of Thu voyage Oflatward of Holu-imitua and his oesoeiale, 
t he noble TimkiMhu. Tlieee stories with Iheir core of hifilory were tilr 
glonoire sagas of the first mnigranta to this little lost world' 

At about same time, the Tabitiaiw, Maori, and Minvpicsom Lad 
a culture whirit wa« still imdafined but was very rimtlar in Uio diffenait 
In tile course of the snroeerling centuries, over each of thesv 
is^nl •ireua a dvillitation devieioped along original Unre, thuuch still 
retommg thecommtm backgroimil. Tlie Easter Island culture belongs 
fj this pnroly Polyn^an type. The ancestors of the pi-reenf. popnla- 
Uonmeroly unproved upon the legacy they reedved, 

mcic then did Easter L*Iande« come from! Since they are 
Polym^iens m race, langmige, and culture, the probUiro of tliair origin 
romcidea^th that of the Polynesians as a whole and la ns vet unsS. 

tanously given no the cradle of thma eea- 

laSmw^^rh'’^ evidoiice to vatidate these thooriee ia still 

lacking. Within the Polyneaiaa world the Eii«er laliuideni offer 
toany aiml^eg with the Maori of Xew Zealnnd, the people of Miuica- 
revB and those of the i£araii«aa. AeLimtl» * 1 , Miuiga- 

Eaarer Tainriri »•■»„ Actually the reecmblancee between 

IVMter Island culture and that of tlwMarquf*^ It 
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is posaibto thftt tbe Envter Glanders wero among tto oariy Polynesiiin 
cmigmnis wbo spread from oeiittal Polyuesis. toward Uia oast, occupy¬ 
ing ^ Taaaiocofl, Mangateva, and tike Hanpueafi. Very likclylaftor 
a sojourn in the Macquetts some again sailed oastimrd and diacoeered 
Easter Island, At tbe tinu they left the Marquesas tl>eir cnltorot of 
course, had not yet deretoped the spedBo pattern which charaoteiised 
it when the Eunipeona landed tltSce in the aghteenth cotcuiy. 

Ute genahlt^cs of Hangntm^the nearest Polynesian island to 
Easter Islaiid, date back to tlis twelfth century, but traditional history 
mentions early immigrants who settled on these islands and then left 
for other countries, leading a restless life. Similar traditions 
among the Uorquesiins, Hotu-matua, tile discoverer of Easter Tnt^nd , 
^dihis followers may well hare lepr^ted a defeated tribe or a 
junior braneb of the Marqiiesaa or Hangareva. 

What remains today of their work is evidence of the beauty and 
greatness of their iitohited civilizatioii, revealing the vigor and andacity 
of these Polynesians who spread over what seem once to have 
the happiest islands on earth. 
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In 1920 Prof. Hans Berger, of the Pfiycliiatric Insiltuto nt Jctm, 
foblishMl tbs nsuits of some H'urk on which he linil been engaged for 
many yen to. He bed set out to record the electric curreuU derel- 
ftped in the Bunuui bruin, nnd hod ahoim tlmt if metal eleclitides were 
Qxed to lUe^Ip,H was pusiaibie to detect a reguhir osdlUtion of dec- 
triral iiotuntiol which was not due to tnuseles or sidti gluids or any 
other flource outside the skull, and could otity hane cnine from the 
nerre cells of the cerebral cortex. I'lie oecillatiDn had a frequency 
of 9-XO jt second!. It only appeared when the subject whs at reet witli 
iittention relaxed and eye^ closed; but it obviously represented some 
kind of continuous activity in the hrain covering a fairly large area. 
Wiint be discnveivd waa then quite unexpected. It has made U3 revise 
tnaiij of our ideas about the brain and bos brought us a little nearer 
to undcratanding wlmt goes on in it. 

TJjb oscillation, Berger's « rhythm, represents a very stnad change 
of potentin], about GO microvolts, and a very small ebb and How of 
current in the cerebral cortex. There is nothing unexpected in the 
feel tliat brain cdls develop small currents when they are active, for 
ell active cells do so. Tile unexpected thing is tlte regularity of the 
rhythm. It is true that if it were not so regular it might nevm' have 
been detected, but the regularity moans that Intge numbers of brain 
celts must be working in unison at the same rate. 1rVe sttould have 
expected sumeUiing much more complex and variable—activity vary" 
ing from mnninvr to momiuit and from plate to place—and not the uni¬ 
form pulsation shown in a typical record of the electroeticephatogram, 

We shonhl have expected this liecaitse the brain is a great sheet of 
nerve cells and interlndng nerve fibers, and its working must depend 
on tliB spatial dietributlon of activity in it. This is detarmioed by 
the particular pathways wliicti must be taken by tlis incoming and out¬ 
going mesagea, for the messages ore all in the same form nberevur 
they come from and H ia because (licy arrive in dilTereni regionsithat 

^ VSfnalQt it lbs liiiTtl {bttlkHnitTA 4lllinrv4 «« 4. IHV 

ntpftiilvij bf ptmEiiLfciQ fttt» Kititn. mXi IM. ^Brrli 2^ 1^14. 
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we tnlcrpret oue tis slgkt and uiotlieF as sound. We kiiaw, for eiam- 
pie, that if one looks at n hright eross, the initial event in the brabi 
will be the aotiTaLtcm of a more or less croos-flliaped area at the hack 
of the ocotpiUl lohet ami tliat if one heote a sound « pattern will lie 
reproduced in the tempcmtl lobe conteponding to the amis of ribru* 
don in the cochlen. Ail the e^rnei events of which wo ore aware 
are rocordetl ns si>atiAl and I omporal patterns of excitation in tlic sense 
oi^gons. Ttiesie patterns axe reproduced in the brain with n good deal 
of editingt omisaion of details and hoighiening of contrasts, and it is 
from Uiirm that we reconstruct our e!3ttemal world. 

Kow the ft rhytlim of the electnwnoephalograni comes from large 
nntas in tho occipital region and to some extent from the frontal area 
os iralL At drst sight this seeing to leave little room for oU those 
diverse patterns of electrical BctJvity. But actually the rogiona wiiere 
the potential change u at a maximnzn are not those where the mosaagea 
from the sense oignus are received in the brain, but- are the neighboring 
‘*ailent”or ^’oesociadon’' areas. Also, to make the rhythm appear, the 

, 15EC. 

rtWiiT ! I—X^rmnl elcctraeiit^it34]k>tTani nbowlng thfl « The ifiAxUniun 

W duiiiae >• 45 mtcrovettii: 

eyes mnKt be closed and the attention relox^l, so that tlie hraiTi ifl reli' 
t j vely tnnctiTe, at least, so far os vision is eoncerned. Thus the tegular 
wav© oeqijenco U derived from certain parts of the cerebral cottcjc 
when tliesa hiv© little to do, 'Fhc cells there are not ejonesrned with 
the incoming aignalis and bo will be free to beat in unhunt, and if fairly 
large arms are so boating our records from the head will show th" a 
waves and will not show the amall local irr(rgu]arit.i©» which are prob¬ 
ably going on all ihc time so long os we are conscious, 

*nMj eelln of tlifl cortex might beat like this whan tlwy ore left aJotio 
iH.'cause this is how they aro made^ because like heart muscle or eiti- 
atad cells thigr cuimnt remain alive and inactive: or the beat might be 
imposed on them by rhythmically active calls in some other part of the 
hniiii wliich can act as pacemaker to the asaodatJoji areas, WHtervvcr 
the paceiiittking region may ba, the important fact is that the rhythm 
is much the Huno from iinii person to another. For clinical ptirpramoi 
therefore, an eJrctrcencephaiogmphia recording can be uiiefl as an 
index to show whether the bmin is working normally or not, and for 
this reason it has become an important techniqua of diitiieal nauroluEy. 
Apart, however, from the value of these records as a ^f diig* 
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i& the probterq of their sigziificanco in roiatioti tft tiin 
tionruLi wietihwusni of tlio bmtn and of the mindi Do th^y tell ub 
A nything nhmt tlie nouml aceompaniniEOL of parropdon md thoughU 
Thu BUtementthit one can tecord the elccu-ical iiciivity of dte brain 
through the stnli nih^ the hope that one fthouhl be able to detect all 
sorts of brain events connected with con^iou^iiess* The Iioiie beipiiB 
to fade when it is realised that the main feature of our rccorihi ui t 
rhythm from nerrfl cells whid'i btc reloUTtly inactive. Rut tJ^ere is 
liHiniiethiQg of Intetost to bo learned from them^ It is tme that we 
cannot yet record the detailed acUrlties of difforent parts, but uidy 
the gros^ clianges wheii a whole area gwj; into aetjan ? yet these do give 
ns some novel in formal ion about; the phj=jical accompuninientfi of 
thought and in particular about thn process of attention. 

To tegin with, it seemed tlvnt the □£ rhythm was much less inter«stih^^ 
It might have been merely a spontaneotis beat of the nerve cell® in 
l>art» of the cortex^ particuhirly thiM® concerned with vision—a brat 
developing whenever the cells were not stfanulated by mcssjigea from 
the eyes. Opting tlir eyes wnnld breot op such ti rhythm m the 
receiving areat bocauEso the visna) pattern tiierr would mean that difr 
feront groups of nerve ceils wotild be dijscharjrfng at diffenint freepnsn- 
cies- Something of this kind can cettaitily happen in Ihr regions 
wh^re a luc^^go enters the ecmbral cortex, for m tecortl^ from the 
ei(po£od brain (in imcirthetiOTd animals) the arrival of n menage in 
llic recei ving area prtKitices nmalh rapid waves in place of the slower 
and larger a rhythm* But the « wavofi art? not conJined to the 
receiving areas of the brain^ and it cati bo shown that in fact iho 
pr^ence or ftbsence of messages from the eyes is not th^ essential 
condition for the distppoarance or return of the m rhythm, 

Ait for Oil vimn b wmi^aracd, what really determines the pfcseince or 
absence of ihvsv waviK fe not whether vkiial nussoges are or ara not 
coming into lha braioi but whetJicr we arc or are not sUicmding to 
thenj—whether wo are looking at anytliingi Miin is a visually con- 
troNed animah a^id If oiir eyes are open ilrere is usual It something in 
the vIeumI field which catches our attention or mtne part of iU TliLfl Ln 
not for all mammolsj the rat and the cat seem to tdy more cm 
otlicr aenaefl and con be nuito matientive to sights. ^ But witb us the 
only sure metliod of shutting ovit aighls from the mind is to eioso the 
eyes. Nonnally, tltereforcj iiFiung die eyes means that xre start Irok^ 
ing* or that we become attentive to the visual field. Tlio « waves t on 
dmppoiir^ and thsy rotum when we close our eyea and lookiug. 
But shutting liic oyos doea not ™t out all light froiri the retina^ and Uiv 
« rhythm afuwars m the brain however much or litLle light may be 
falling on tlw closed lids. Even in a pitch-bkek room, if wc upon our 
eyes and start trying to see sometliing^ the rhythiii goes* although o|>en- 
iise3D-Ha-tto 
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ing (hfl tn rtnot have aZtered ihe lllumittat ion of tlto rt^tiiui. SiMoer 
OF laler, when we htvo givpji u(> the plteoipt to see, iho wavw) will 
return althougli the eyes are stiil open, 

"Wluit iriittore, lliciefort, is not the eicitafion of the retma hul the 
turning of attention to the visual field or away from It, This can be 
shown even more clearly in another wray. In daylight and with the 
eyes open, the attention oiii tardy Ije absltaclcJ com plot dy from 
vision except for aliort periods^ aomdldrig Iteepa on “catching dio eyV 
Biid opining into the niitidf e?™ tlmugh w‘c have most of om* itteintion 
fixed on other things, n iH^uud or n smell, for example. The reason why 
the visual field cannot be completely ignored is tliat the picture of it in 
our brain has patterna and sequences which aroUEO interest by reciifling 
memories or KUrting some new train of activity. But if we can nutke 
the Visual GbIJ convey les metming, it will ccosv to be so ittmctivs 
and om* attention can leave it more eaaily. A simple way of securing 
this ts wear apectadrs which will throw every tiling out of focus. 


« ^ f 


ATTE filTION 
TO VISION 


HEAPING 


VISION 

iS£t 


ihntm it—Tli« • i-iwlbrn appean wtieo the iictenUen ti tmaaterrul fram vtilba 
to bbHrInt, Tliii vtaunJ flold has bcon, tumlc imattrnFttve b/ t-tft O wctacha, 
IHtrhge ihi* miildlv hsciUiti aI ibe itconl tlte aitaatjori 1* caneditniteil on the 
tick of B Watch, 


■Wlien tills is done, nlthou^ the eyes remniii opcm, the a rhythm will 
appear much more readily thou wlipti tJie visual field U in ila proper 
focus. With tire Add blurred, we have only to lieten intently to a 
sound and t}ip m waves iriU begin, to oease again If we transfer our 
attention hack lo vision. Here, too, there has been no change in the 
tlluminatjon of the retina bat only the shift of attention. It may be 
noted that it i» not only the intelluctual interest of the field wludh htjds 
our attRution. Any movement in it or any sudden diange of ilium)- 
nation will do sot and thore is i great variatiun in tin* ability of differ¬ 
ent persons to detach ihe attention from viaian, and in the same person 
St different tinicsL 

All this shows that the « rhythm is an activity which appears in ihe 
cerebral cortex when tho attention is not directed to vision, and dis* 
■ppeam when it ia, Tiia mental act of looking somehow prettmis iha 
« waves from Jovelopi^ in certain parts of tlie brain, parts which are 
likely to be eonceroad in anslyxing the visual pattern. The « rhjtlim 
is tTiaraforoa rhytlim of iiialtejilion,* positiro activity which fills those 
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parts of tht cortti whicli flfi* for (li» moaiiftit uutuiploje<L It h not 
the rhythm of nnsiiniublcd nerve rolls, and then> nium bo w>\m 
kind of twnpetitjon botwceu the mosss|^ fnsm the eyes and from tlie 
source of the a rhyi lim to decide vrhtch shajj control thecorticul Krcajt 

To exmiiiiiJC rhig coinpcLit ion in mttre demi], wc must liavo some 
of recording the Beusory iiutivity of Uie hrein ns woU as tlio a activity. 
All (lu: messages which reach tli* cortei vvill produce Lhcir own elec¬ 
trical AccotiiponutiCTiL, and tliis can 1» recorded well cnmigb if elec¬ 
trodes cum bo placed on Uic surface of the brain. But if we can get no 
nearer than the scalp^ tho potenlinl clionges gcneintod in any gri^up 
of uoreo cells will usually bo obEcnted by tltoso of other groups nearby, 
and llie record will then slxow vs notliing. Fortunately iliis difliculty 
con be overcome, in pari at least, by niiikiDg lUl Ihe ceUa work in unison. 
Tbia can be done, us far as viabn is concerned, by making the field more 
or Ifes uniform anti Ughting it w tU i a flidrering light. Tlio nerve cf I In 
BIB then forced to work in unison al the frequein^ of the ilicker, and 
we cjtn record iluair electrical activity ibrougli the skull up to fre¬ 
quencies of about 30 a e(ywid. This gives iK a metliod of tracing (be 
visual ni^^^iagcs in the brain, for by tuvutiB of the llicker rhythm they 
can Ih) made easy to n^gnise. 

Provided that tlie dickering arc* is in the center of the visual Held, 
it need not subtend more tlum a few degree* at tlie eye to give ii 
potential oocilIntioii at the same frcipicncy in tlie occipital regitm. The 
waves are more or less where one would eiiicct them to be, In tho right 
ocripiul region if the left half of tins field lltekors, and vice versa. But 
the flicker wavwf are not couSniHl to tlm visual reooivbg ui'e*: they are 
found also in tlw neighboring areas, those from winch tho a waves 
ccMiw when the eyes are clneed. The flicker area is not so large as the 
« area, but ott occiision »s much os a quarter of the brain an rf ooe Et'i-ms 
ti» pulsulc wiUi tlip llicker rhythm. The retinal meagre muai Uieti 
havif Ptprt ntJ widely oud iuiprffised lhcir rhythm on some of the asso- 
viatioii areas of tJie cortex. 

Now if the eyes are oiwri, the flicker will keep tlm visual aitention 
CTigneeil ami the « rhythm ul hay. But if llw eves are doml and Uic 
ttickoHng liglfl' ia thrown cm the clotsfd lids, (ho subject will be con- 
rebus of tho flicker hut tho remditiom wilt favor tlw a rhythm, ainoe 
closure of Ilia ayes is usually couplod with the withdjuwnl of attonikjrt 
from vision. In these ttondiUons tho two rhythms can be sei-n tn com- 
pdo for (ho cortux, and Hometiinea to cooperuta if their Irefiuenoies 
allow of it. The llid«‘r rat* will aonietimea appar in patches with 
tho «• rate in between, and if a rapid flicker is (iirned on suddiady (ho 
area of I ho hrtiin giving tbs ilicksr rhythm nwy 1« larpv at ilnst and 
may then fhr init rapidly, giving place io the a warea but persisting 
longer in regions nearer tho visiial aroB. If the flicker is made ntuai 
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to or twioti thfl « rate, "we may find the two summiiig up to give rery 
large regutiir wates. Such « combined rhjtlun nj^mlly takes damo timo 
to build up na the two sots of waves have to be eyiichronixod, bat there 
Li evidently on interactian between them and li tendency to mniun 
synchronised as long as their fmijuendes are not t 4 » far aparL These 
wave eflect€ vary &om one subject to another and there are varlatlutuf 
according to mcxslf time of day, etc.; tn genera), die sleepier tlm suhjiset 
Urn more the 4 rhythm will prednmlnate, end the brtghter tlm llic^ur 
Uio more peraistent will bo the flicker rhythm. 

The inUimctlon end Interference of these rhythms shows how the 
cortex, Ur certain parts of it, may be put at die disposal of our atten^ 
tioa. If wo docidfl to look, or if It ie decided for ua by something 
‘Etching onr eye,^ a cliauge txscura which prevents tJw a rhytJun 
from occupying die regions surrounding tiie visual receiving area. 

I S£C. 

^ , J 

- 

FLICKER 

£101'^ 3.-—ElHrlrf3ciic^hiili>^um frou)! Ui* occIplMiJ jdiowLiLi tZw 

friwn ttie m rlL2ttlifli lo iji& dlDlt&r rbytliai wtieu tlm (fyes are op^hiHl nM tbif twli- 
Jflct Jot)lw At ji BOM IK bf a rt^ck/erltiK iigtir. Tbn rait of ni 4 ikar ( 1 ? a aecotid) 
ii alii>wji hf Ojo aiH bpXm. 

U we can tui*n om* whcil^ utlmtiiort to ^ wjiU;li ticking, iho # rhythm 
comes back* What brings ttuii diAtige mboiitt 
The evidence ia fltiJl raiiier scanly. It is likeSy that the whole of 
(he cerebral cortex U concerned, in that it ia tlto bnlnnce of activify 
in ovety part whicli deteratinea where the aiteiition will iimi and 
bow long it will tie held in one field; but the executive act, the dine- 
tion of the attention to the piirtioular field, is probably earried out 
by a xelslively junitil central region in tlic neighborhiiod of Ihs Uialx* 
)nti 9 and uoar the main incoming patiiwaya. It is from there that 
the «t rhythm eeenui to be controlled, and it ia at least probable that it 
is the sudden disturbance of tills region which canisea the loss oi 
conscioiisntsss after n blow on the hcaih lliis central dirucLing 
region must act on infomiatlou received from tha cortux, for it wiJ! 
he all the memories nud memciitions stirrHl up by i stimulus 
which will determine its tnlerest, and lliese are presumahly not 
arouned until thi' tnfe^agr has reached tlm cortex. But the central 
region must balance up the conflicting clainis of diflorent stimuti and 
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must tlicn decfdfl which ehoald hare Llie main diare of the ulttmtion, 
its fuiictioji rcsemblinjf thut a central tmiiwrsity cmiiTnittce which 
hae to flecido which branch of Icuniinir ahoiild. be aapported by the 
next betiefactionu 

nw Tisnal atimiall alwiiya the liou'a share. If they are at all 
intere^ng, the central region will suppress the * rhytlnn over the 
Qccipituj artto^ so that the Ttfitial pntteni has a coiitttderflble part of the 
cortex set free for its annlyKb. Wliett the Tistjnl piittmi. cemsce to be 
interesting and the attention is directed to sounds or otlier eensory 
messages, the occipital lobe is n<rf. tamed orer to those but is filled 
ii jrain with the n rhythm. This is shoicii Tery clearly in records in 
which tlie viattnl waves are omcie recognixshle by the use of a flicker¬ 
ing light, and if t he flicker happen* to be at twice the a rate a partial 
diverEton of attention will be ntiougb to give the large compound 
waves at the « frecjncncy. 

Apparently the occipital part of the brain is used to analyze sights, 
and sights only. Wliat parts deal with the patterns aroused by 
sound mid touch wu cannoL yet aay. The areas sc-em too small to be 
easily delcolcd, and must certainly be much smaller than the arena 
which deal with viaioiu On tJie otlier hand, a concentrated mental 
effort may sometinMiB abolish the a rhythm although the eye* remain 
shut. Presumably in this case the whtde of the a area may bo turned 
over to convisual nctivitjee. 

There ata ci i U many gups in the evidence, hnt there is much to 
suptwrt tht‘ view here put forward, namely, that there is a deep- 
■eeted part of tlie brain which oontaine the mcchaniim by which 
attenticFn is diteebed one way or the other, and Hint the a rhythm Is 
under the control of this region, if it is not directly produced by it- 
If this is so. it is not difficult to understand that abnormnlities in the 
« rhythm are often associated with abnormal kinds of behavioT, 
most valuable application of the electroencophalogrnm in medicine 
is in the Jocalixing of diseased regions and tiimors^of the hraln by the 
change in the diamcfer of the waves. Another is its use in dcte<^* 
iiig the sudden eiplosiTo discharges of the nerve cells which ottur in 
the brains of epileptics. But apart from such obvious disorder 
of the brain cells, tlm electroencephalogram may show an n rhytltm 
which is definitely ■hnonnaJ, irregtilar, foster or slower than usual 
or with odd-shii^ waves, and in a significant proportion of the 
subjects who give such records diere are abtionnalides m the mental 
or emotional sphere which may be a serious handicap. ITieru aw, of 
course, many factors besides the constitution of the bram wh^h de- 
termine whctlier wc react like onr fdlows or not, hut the brain is a 
mpt unimi>ortivnt imitot An J the eloctTOencephnlogfMi to vffic'r a 

trimm of tKesaing sem* of iis deviiitioiifl from th6 norml^ It re- 
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nuiins to t)e seen whether itf; pse for thit purpose hAve much 
practical value: at proseut the most tliat can bo said hi that if wo 
had to appoint stpueone to a responsiblo post and had tiu unlimited 
held of eondidateo, it would he s^er to eadude the 5 percent whoee 
dectroencepliaJognitn showed the most unusual features. 

Tltat is a Tor^ long way from mying that the electroencepHalogram 
con tell us how the subject will think and acL In fact the inforniatSon 
whidi it giTcs rdatfis to a veiy liniited field. But the limitation 
arises mainly from Uie fact that wo can only record the grass cfiocta 
and not the detailud patterns in the brain. With present methods 
the dniU and tlie ecolp ore too mudi In the way, and wo need somg 
new phyaicnl method to read throngii them. We need Uie potent 
double millinn magnifying gns mirrODcopea of hextra power'* with 
which Stun Weller thought he might be able to sea through **0 Jllght 
o* stairs and n deal door." In these days we may look with some 
confidence to the physicists to produce such an instrument, for it b 
just the sort of thing they can do; but until it is available we have to 
eonfeas, with 5am Weller, ihai “our widonV limited.'’ 



THE DEVELOPMEST OF PENIOLLIX IN MEDICINE' 


Bj £L W. FLMEr niifl £. Cnjun 


DiBoovGr; Cif tlio cbiuiiodieTBpeulic of pcBicillin has ^idtwl 

widespread comBieUt in tliS Uy u well aa tl» jnaJicnI piissa. A first¬ 
hand iiccount of hftw this aubslwjitP wna iiuruducod into jiiwiidjift 
may, Uienifflirt!, be of interuat. 

TTie plienomcnon of the inhitridom of tliQ Bn>wtli pf one micro- 
organ ifim by anoUier has been known for more than l>(> yvars, far 
Paateiir urn! Joubart m i8T7 noted tliai antlirai ImcUE wore pns^ 
vented fioni growing wlion certain olljcr orgnnisin£ were also presijiit 
in the culture mediiiiii. To diem ia credited the first suggeation of 
using this antagonistic property of bacteria for curative purpijaeai. 

Since this fundamental ohservauon, many wtamplee of the same 
plieuomenoiv—called microbial ontagfinism—have laen reenrdfid. 
In many cases the inMbitoty effect of one microbiat e^es on anotlier 
ik due to tiielabolie pnoduets fonnP<l by ilie nmagonifit. fhese prod- 
uota have recently been temiwl “antdiiolics.* 

Tile earliest jUternpt to Introduce antibiotics into medicine waa 
made by Emmerich and Ijiiw in 1988. Tiiey extracted an inipurt! 
material, wliich they torroiHl from old cuUun flitrates 

of P»{vti 0 m^iat and showed thot it had tbo property of 

causing death, of lysis, of wmo of tl« bacteria which can cause disease 
in man. Tliey rocotimiended pyocyanase for the Iwal treatment of 
Various infectioun diteasea, but it did not come into general us^ 
altlmufHi apporentlT it waa on sale in Germany, until at loasE 1W8. 

The only other serioufl attempt to utiliae antitwwtcrial products for 
combuliug infection in man has been the employment of graiuidum, 
obtained from cultui'ts of B<tciiiv9 btvvh. This powerful substance 
was diiJcfivered Uv Dubos iq IflSH- and although it is far loo tome to 
iniwrt into Uie bbunl atreani it cau be used for application locally to 

infected wounds. . . , . , 

In im Alexander Fleming nutirtd tliat eoloiuos of staphylowcci 
gitivring on an agar plots were undergoing lyais in the uoigutor mo* 
of a cmitaimnating mold colony. M«it bacteriologists would have 
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passed this over, but T'lcmiug, an acute observisr with a 6{wcml iulcr- 
egt in antiseptijca, mibciiltiinid the mold for further invcstigatioiL 
From its de»:t)udan|£ all the ptituclllm in Lbe world was produced 
unlii recently. 

The nicilil was identified us FanieHtiam fu>ta/um. FJeming colti* 
vnted it in o liquid medtum, peptone brotbf and found that, il pro- 
diioed in the broth ii sub^ance capable of inhibiting the growth of 
many danger uua germs, even when diluted 800 ttuios- The active 
aubslauce he named pcniciilin. He noted that broth contiuning 
ponicillin was not more toxic W'hen iujected into rabbits and mice 
Hum pure broth and that it did nut appear to Im harmful tu the white 
wlLi of tite blood. 

As a result of this, ho suggested that penicillin might be m good 
antiseptic to apply to septic wounds, and indeed a few coses were 
so treated. He concluded that it certainly appmrai to be superior 
to dressings containing potent chemicals, 'riie ohservationjB, how¬ 
ever, were nut carried furiher, though Outterhiirk, Ijoveli, and Bais- 
triek made an attempt to extract the active iiiatorial. As a result 
of llieir work they amrludetl that iwtiicillin was extremely uuatablu, 
and th«y did not pursuo the matter, 

In tlie succeeding years no lurUier interest seams to have liccn taken 
in its cliamica] properties or its possible application to medicine, 
tliough Fieming continued to use tJie crude cuUtire medium in the 
laboratory as a tueone of aupptnssing Urn grt>wth of cerUin kinds of 
bacteria in mixed cultureiu 

In 1(129 one of the present authoru, H. W. Florey, started work on 
tlie antilatcteriai snbstnnce lysozyme—'another discovery of FIcmingV. 
This suhstajice waa first discove^ in egg white hut is widely distrib¬ 
uted in nature. It has t he p<iw'er of dissolving or killing certain spo' 
rios of air bacteria, tliougb it has. unfortunately, no effect agaijuat 
bttclertu causing disease in man. 

Tlie work on lysozyme was carried on until its purification (by 
Boberta in 1930) and the elucidation of its mode of action os n carbo- 
tiydrate'SpiiU.ing enzyme (M*yer and associates, 1936; Epstein and 
Chain, 1010). luring the later part of this work, in 1033, the prcsctit 
writers dwilled to undertake a {^‘stematic investtgadun of the snd- 
baclerial substances produced by bactoria and molds, about whoso 
chemical and bioUigic prupertios little was known. 

Although the reports suggesleil that penicillin was an unstable sub¬ 
stance, it was among tlie fimt chosen for investigation, since it eiwmed 
likely to be of considerable biochemical and biologic iutcr^t. In 
fHuiicular, U was active against many orgiinisnw causing the most 
destructive lesions in man, indnding staphylococcus. Fleming. 
Outterbuck, et al., rnjiorted tlut under suitable eonditioiw penieiltin 
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vctiTity YTtss retaim*! ia the cultura iDcdiai]) for some weeka. Thia 
suggested that, if aiiprojiriatt* coiwiitioas coultl bo found, the estrac* 
lion of {ttnicillin ftom tlie medium and its purification would 

b« possiblo. 

For work of the ecope envisaged it wjib apparent that rraullB wouJtl 
\ns ohcaiiied moat ijuickiy by a team of workerti, and we \iavn been [>*«■- 
tkuljirly fortuniita in our colUhonitors. Dr, N. (J. Henilejf deii'iMd 
a aimple and quick quuntitativo naaay uieihod which lias prot^ in- 
intuahle in the olabomtion of purification proeeswa for penicillin anil 
in fflfpilnr tnvc^tigalioua on oUicr autibioiics* He also designed and 
conatructed the firsi largc-Bcale laboralory plum for fjrowirig tire 
mold and eitmcting {wnicillitL Dr. A- 0- Sandera ln^ devised 
and built ultemaliTB apparatna for the I'Straetion of pcjuculiu oti a 
larger scale* A. D. Gardner of Uto Dopartment of Path¬ 

ology, Otford, coUnborated thioughont on the iioeterio logic 
of tho work. The biologic invesdfiationa were curried out by H. W, 
Florev in collahoration with Dr. ^f. A* Jennings of the School of 
Patholw Oifoidi the clicmical and bioehemioil investigntions by 
E. Chain in coUnbaration witJi Dr. E* P. Ahrahnui. Tlie thenipcutic 
trials on man were condiictwl firet by Dr. C. Jt Fletriier and later 
by Dr. M- E. Florey, with the help of uiaiiy physidanfl and surgeons. 

It was ostahlifihed that penicillin iras att acid of low tuolKuUr 
weight, which was etablo in water. In an add medium, it was found 
to ho quickly destroyed. It «>iild, however, be extracted by vanoua 
organic solrente, such as elbw. chloroform and amyl acetate, from 
acid solution and was found to be quite sUbld ui i heso solvcntB, 

From the organic soIvenU it could be i^xtracted luto water by 
the addition of the right amount of alkah. Little h^ of antibac¬ 
terial acUvity occurred during these 

curried out quickly «id the solutions were kept cold. tt^fer of 
pentciUiii between aolvents and water has become the bimia of all th* 
extraction pnKrs?es mwl on a largt. scale by conimeraal hrmo. 

By repeatiitg the riweffl wvewl times and viitymg the solute, a 
coti/iderable purification and concentration of is achi^cd. 

On drying Iho final solution from the fitaen state a preimranon of 
penicillin te ohtainwl in the form of a yellow powder ' 

amilmcterial activity unchniigiNJ for a 

stiU veiy impure-three preittratioiw contwn only to ^ 

pen^nt of pure penicillin-tho anti^ctetm^^ r«wBr » g^ ^ey 
Lteifl about 0*fotd P«>i«llm «nit^r 

tneans that when diluted from I part m 6,0(10,000 to 1 part in 1 j , 

000 they prevent tho growth of staphyiocooci. Prepare lo 
degree of purity can be used for alt diaical purpofsre. 
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Funlicr puriritatioti prase ntcd a lianler problem, since pe.nkiltm 
is tmstablc loom'd mnny rartgetitfi nomuKy for pnrificatipt^ pur* 
posea. U i* tmEVtsble in dilute acld^ snil Mlknlb »mj U degtiroyed b? 
til liny sueb as cofijwr. cisdmiumt and njercurj, and by 

primacy alcohols and nsridiaing such as potassium pormapga^ 

tmte. Thu ssrereSy ImiiU^ tha snleciiou u( tn^tlioja for piirlJlc^doiij 
but peuictUiu preparations ^yhidi ara alinosL pure Kure now been 
obtained^ 

Ihi? purost nmtcrial olHaininl in OKfnrd lias an artieky of about 
IjOOO ujiita per milligram, corresponding to an inhibitory power 
agaiiwt the staphylococottsof about 1 i>art in i5fl/XX),000, Purs crystal- 
Jina podiimi pfcJiidlHn has Uen obtained, h comains ahoiit L67fl Ox¬ 
ford units per millignuiL By international agreement ilia lutenia- 
tional Unit is the specific penicilHn activitj' conUincil tn 0.13 
micro^am of pure pcrucUUn 11 (or Q). 'Hio unif|iie fejiture of 
pftnlci!liii| when compnri^d widi odipr antibacterial sutetnnccSi is 
lliat U otimbiuea diia nslonUhirigiy high nntilmcrcrml activity with 
a Very low toxicity, An amount, several hundred times greater than 
the dicra[»eiJtic doso con injected intravenpuHly—into mice—wiLti- 
tjut any noficeable toiic effect. 

This lack of toxicity is alao oliiserved with less pure prejuireitUfna, 
and it may indeed Ije counted as extremely fortunate tJuit mine of ibi? 
numartitifi contaminating suftstancejs causes hiimiful effects^ evBn when 
ihe dose of pwitdilin ta Jsrg^ftr beyomi ^liat necessary for them* 
[^11 tic piirpoi^. Fur this roiu=on it la unnecessary to subject peni- 
dllin to the etabiirntc and difEcmlt purification procosiies before it can 
be used for dinicoJ purposes. 

After the Jow toiicHy of penicillin bad tuseu demonstratecl on mice^ 
» more extendett siiuiy of ita biologic prujiertif^'* was itnclertakoii. It 
was rfiowii that ^ concent rat ion at least a hundred tinien gn^iter than 
that necessary to atop tlie graivth of seruiiiiva bacteria wna harmless to 
tbo whila eelJs of tbe blood and to titalic cells grown in glass vesseUr 
Thif vaiy low toxicity of penicillin to the white ceJJe of ihe bloOfl was 
of ]Uii'iicijlar inifiortftnne, these cells play an importimt part in the 
defease of the hi>cjy nguiin^t invading buctcrifi^ wiudj they have the 
poWT-r to ingest and destroy. 

Further research has shown cli^rly ib,Tt when baeleria are |Hit in 
nutrient miKlia in which they can divide, then ptmicilUn will kill flicm. 
If they are in sucli a concildioti tlint they cannot ifivlde, then pcnieiltin 
rloea not kill them. 

It was ftirther shown (hat poniciHin is rGadJly iibfiorbed from an 
intramuscular or suhciuaneous injeciitm and from the snnill irite^ine. 
Once ab^rlwl in snfllcjeiit f|uniitity, a i^imple imi rlenumatnites ihal 
It la praeeni in ilm circulating bfiKKl. UnfotHinntciy it cannot he 
given by mmithi bet^auae Uie add of the !rt4imach would destrov it 
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befottt it iwichwl Uw Sutcatiue- It does nnt imsb from the blood into 
tba MTebroaijidn] lluid- Penicillin wm aliown to bo mpidlj e^-etM 
in die urine, the bife, wid to some latent in llie suliTa of wn^ls- 
lujui aiflo, excretion m tlm urine la raj mpid, and dus oiplaine why 
tbo doses Lu.™ to be not only large but fixsiuonu To fceep a bitf ' 
wmintlion of penicillin in tlie blood Ja lUto fi6»'g “ l«nbtub vriLh die 

important observation was that the entlbactenal artmu of 
penicillin in tiSt diminidied in tiw presence of blwl, pnf, 

JonstUuanti. 'rhia b in sharp contniat Ixi ilie ^fonamjdo ^p o 
iiruga, whose activity is mnrii lower when pus w prscnt, and wbn.li 

therefore have reiatividy little effect in suppnralwm. - -ii-n 

The dmease-producing bacteria whicli art afl«b^ 
make an impra^ve list. Many of them are 

dilution as tbs aupbylooocctis. Soma art pmaant m nearly ar 

wQimd,so ll«t Uta ititert^ ef dm arnie<l fore® m ^ 

understood. Tins Ikt b by no matins 

some additions to the lint of senailivo organisms, dw most 

of whlriWbe rwjNinema pMum-^ dml cau^tig '^pbibs. JT^ 

means diatiffphiliabecomcs one of tlm diaijaKS which con be treated 

hypemeUlim 

onpuw)- 

PilcuwooMclifl (pn«innf?oli)- 

AJichrux b*clllw<- 

SSfiLw'w»' “■■'• •'”* “““ 

TflliLDUi McIIIub. 

Btki'W af ias irwncTTBt. 

GfiuiH.-occTii I' 

JLIoAlnidcoceUi (iq^Ufed f^^rer). 

Purtlun^ mmsltlve: 

TftkhoUl 

bmcSlliw (fixhl yflUwiiiJiXi- 
vibrio ta Tor i cli(i1«ra'lUi» iUsmw). 

llUKfMlUVC^ 

PlAfUf? bAdlllMr 
Cfeciimt bACtlllUt 
Brurrlla (Onilulaot rvvtir). 

Colon taelilu* ai'il ro5at«J oT*antiiii*, 

Bv all those methods t^'^b-iUin wi^ shown 
an tttrtmriv powerful anUbacienal agent with low 
proof dial il IW chcmotbiwftpeutic propertic^ tlmt ts to ^ 

Cd c^re dirtort in living creaturos, waa ab« 
labonilorj by what are known as “mouse protccUoii teats. Mien were 
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infected with brtderk whidi would certustdy oiu^ tJiair doeiii iinlet© 
aucces^fnl treAtment coutd be given. 

Sti^ptocoecu^jStAphylfKticc^ and Ctot^tridium —a gas giiii' 

grene producer—were ell ueed on a group of aud In each ca^ 
adequate dofiea of penicillin gave complete protection wiilionL anj 
toxic edoet on iho unJmala. A new chomotliLempeutic dtug had been 
discovered. 

The whole of tlie ivork on peuiciUjn has been donnuated by lack 
of mat eriaL The mold pnoducea very small atnomite of the active suh- 
^ancit, lUid it 10 n fomudnblc job to grow it on a hirji^i enough gealo- 
In addition^ tive p<mictlU» may be lost li the bacteria imis'tirsally 
present in ilie oir contiuoinato the culture^ for tliej produce a fenuaul 
whidi dffiiroje fiefpclllm. A inan is 3^000 iimee larger tlum a 
oiui many moutlia e1a|:Ksd between the trial on mioo and the fiirst 
injection in a man, while we atmggied in ibss Jaboraiui? to produce 
enough mnteriiL 

^I'he first injection of a soial] quantity of crude peuicUlm into man 
sJiowneil that Bonietljmg woe present which rau^iied a riee of temperature. 
For£uiinit*lv% liiis pyit^genic suhstance was nn impurity and not the 
pomdllin itself, and further cheintcal piirificatitm removed It, 

In il\& first two patients ever treat^ die amount of fi^irillin n- 
qiiirwl was undereatimaied,nnd though improvemenl occurred, the die- 
esL^ was not cured^ and tliere woe no more material with which to 
proceed* Howevior, those two patients a gfWM! mdlcatiui) of the 
umount required. 

Il ]jiL3 beeti possible to find out the dosage and miTthod of adniiniotra- 
tion, and with tliis knowledge it has proved pfistdble tn produce Writing 
rcsulls on cv^en tlie moeit ecrioiia casca of disease due to stApbylococct 
and iither organisms. 

This (flirly work in Britain lias now l)ecu fully confirmefl in the 
United Stniea, and there seexoB lltUe reasoti to doubt tliul penicillin^ 
with die further dcvelapniejitid work which is beirig imrlerlnkan eten-- 
w’Lcro. wilt fill an importaiit place in medicine for the ireafjneiiit of 
many infect inns. We are only at the beginning of iu exploitation; 
further progress demands greatly increased aupplles. Though no 
doubt a great (leal will bo produced frtmi iJio rnold^ it is ro be hoped 
tlinl chemical prognsss will be aach tliat penicillin, and oven bettor 
substances than penicillin, may bo prtxlticed in real abundance by 
synthetic prooceaefi.* 

Wlicij ptcutifuj biippliea ar^ available jtoliuuld be iK^lldc to treat 
tliosfj wldcb can be conimilod by pfndctllln at the earlier 

pofisihle uioniont instead, as ifi so often tlie caae uaw* of using the 
drug a lost resorL WheTi tliis tnay be done, an enormotis amomii 
of temporoiy and penmujeut disability, and even <kath* may be 
avoided* 
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recent advances in anesthesia » 


By Joan C, EJwbth J«- 

of M9TTilttnd, fialffmftiT, tfi- 

rNTromijCTlON 

-nMm I. «»»««i« «/ '»"* “•J™' ""Xi'Jt" " 

Awn^n txmfofi a* Ihe dtMorrfV of modvm encir^Pflfl. 

Pain and dificoiftfort are Uic arch BiWJniee of nian. To 
and efTwtuullv conjbat tiem. lie Um rtmacto-l Dtr ™t'« , 

JiuEH to bring him n of pnim During *ha ^ddle of the 

-rixtSnth eenturv Ambroise Porf operated without ane^hosw, except 
for the admlni^ation of Fcen<di winei,, which 
oleolioUc 8tnp,.r. Only 120 y^re have 
D.,well removed an ovariiin cyrt from Mrj Jano 
raK Kv without uny anesUietic ageoL She wob then 4T yean old 
and liv^ to Eoe her Beventy-eighth birthday. It is difficult for mon 
today to appreciate the excruciating pain ntfferi^I 
in the prcanUlietic days and, further, no one ran 
Ite Ihe impodiment to ourgicai progre^ that the .ib^nce of 

anortheaia produced. 

Joseph PriertUiy, the discoverer of oxygen, prepar^ Ihe Gmt gen* 
crally accepted anesthetic. Priestly wa5 a 
Binningham, E.tgluiuL In 0,® 

li^Hi-ckrffvnmn were throe illiisinoUB men: James Wott, wHo 
^ r.m wltrin*. “Flo«r «« Bo*)Wh 

A quarter of a century '» ft was then dedp* 

IlBh chemist and nitxLXC-^ Da^ 

uated in chemical reports as “deplJogisUcatcd nitxom gaa- J 

r,™:-!.- 1^- aw«uo-. 

ScfMiiile fflfltiM* Wti M, SB. 1^* Kflrwoawr istt 
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inhKli*<] nitrous oxide *nd obaorred ii p«rj<id of grant exhilaration 
with an incranse iu pulae rate. In a letter to ona of Ids friends he 
wrote: “I dattcml around luy labomtory like a madman,” But further 
than this Davy ubserved that contitiuvd uilialation uf tlia gaa w^iuLd 
product} iiiEimEibility to pain. In fni't, Davy arics^thrtiEnl rartain of 
his friends to uncanAcioiunitisa with nitreus oxide. On Jhly B, I7j>3, 
Mr. Wedgewofid culled on Davy and ho used nitrons oxide on him. 
He recorded in great detail Ins cxpcTJcncee, winch read, in )nost re¬ 
spects, like a patient^a acanint of h^htg cotiHctoiimeid imder nitrous 
oxide. Daiy suggested the use of nitrous oxide in medicine, but 
nothing wa.^ done about it.. 

The Eccna shifted to America. In Hartford, Conn,, un December 
10, 1S44, G, Q. Coittm was delivering ft lecture on jtopidar science. 
Among the experimenta performed by Colton was the apparent hyp¬ 
notism of certain niemberti of the audience, presuninbly by means of 
hia gcsticulutions. Meanwhile one uf Colton's associates engulfed the 
individual in nitroua oxide. This made elective the hypnotic art of 
Cidtoii. Tliat fjune afteniooii, a dentist whose name was Horan Wells 
was in the audience. He saw one of the people swoon, fall and hit liis 
leg violently against a chair, withont apparent sensation of pain. 
Through his scmtillating intellect flaslied the era of painless dentistry. 
The next day Welts porsuadtid une of Ills dental colleagues. Dr. Biggs, 
lo extract one of hts teeth, while under the influence of “laughing 
gas,” Wells did not whimper. Tlie find step iti man's redemption 
from pain iiad Iteen taken. Wells fiid not succeed in t^ablishlng 
the widespread use uf his new anesthetic agent. In Boston, where ha 
endeavored tu employ it, the gas hag failed most iiiopportimely, and 
■Wolls was hissed out of the room as a mountebank and diurlatan. 
When death came prematuraly lu Wells, he did not realUe what a 
tremendoua and for-raaching influanoe liia otatervations would have 
upon the comfort and evftij the destiny of the race. 

This present decade, therafore, niarhs 100 jnaix of use of nitrons 
oxide 113 ft getienit aiiesihedc. During thb period its popidaiity lias 
woxeil and waned, and during the last two deeades the gnu Jiai defi¬ 
nitely establielicd itself for the emoolli induction of eOicr'Ox^'gen 
anestliegia. 

Nitrous oxide ie a coloring odorless gac whicli is alleged to possmi 
a awei't taste. The ges supports contbiuition only after the diaints- 
gration of the molecule into oxygen and niiragen. Seeds cannot ger¬ 
minate or plants grow in an atmosphere of nitroug oxide. Nitroui 
oxide is very solnble in water, from tw'o to three volunus of nitrons 
oxide dissolve in one volume of water, J I is, however, like other gen¬ 
eral nnestliL'tics. mora soluble in oil than it is in waier. Blood will 
dissolvo a large volume of liie gas. The gas doea not combine witli the 
hemoglobin. Owing to ita graater solubility in oil than in water. 
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thfi gM ns it iin;am wi by ilie blood to the MQtral nervous system par- 
litioTis itself out of tlie Wood iiito Uie Itpjils of tV central nervmiB 
svstem prwludiig nartoaifi- Induction is prompt, narcoflia occui^ntf 
\irillun 1 to 2 miiintes. Anestlititists luiro set forth the fnllovrtiig oQccts 
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Like many otliiif volatile iiftesllijetjcs, tutwus owae emiere uw 
and leaves it unchanged. In other words, U is refractory tomiabdian 
by biolocical proccssM. Its anesthutic action actordine to mtidem 
concepts is apparently due to the production of a reveRihlo oiygen- 
wanl in the amtnil nervous system. By means of drugs, byiwim of 
the central nvrvouB sysiem can be pitaluced by at U-asl UirG* 

iiiedianifains. 

1 . Kunnalion of carbonyl hemoglobin (carbon monosidu 

2. of the cytochrome oiidase in tlie cells (cyanide 

a. In^livatim of the cytochrome mluctase in tlie cbUjj (narcosis- 
niiTOUs Midv, leih^r, dilorofarui, ©tc*) 

i^ubatantna used eiinicaily ss aneBthelics affect the 

nervous system according to tlm third concejd hal, m additi^ tlmj 

eihihit the property oI affecling, first, die cells o! 

second, Ihoao of Uie spinal caters; and. last, the cdla of the 

lulrmis oxide a place of pre-eminroce among the volaiito geiiaral 
anesUmtica 

Crawford W. L-mg of Georgia used ether as a general miMlhefic 
in 1842, He waa familiar w.itli eomc of the phannacologjc eilRia 
of ether and in Jeffetsou County U.er« wm aba 

which resomhled modem parties of mehnates. 

to deaden pain ir» Um reduction of fractures and on Jau^ ^ ■ V^ohh 
to uermit the surgical rnnoval of a growth on th" 1»|«* f 
CnfortunaU) it ia indeed that Lotig did not puhhciae 
tiniiH fur aittwrcijily the first paper puhlndiwi hy I>oiig on e^cr ap- 

after Wells- work with mtroua ox.de. and 

a after MortoU Uemonstratioit of the uto of ether m Doetom 

TZinl^i Jackson Um u« of ether 

to r IS aam^ W. T. Ci. Morton, who was n pnpd of Horace 
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WfllR Mvrton peiBUiwlcd Dr. J. C. Warren, sod of Dt. J. AL Wniren, 
QSSOciBt^ wiiJi Genera) Dulnam at tlie Dattie of Bimker ITi!!, 
to iKimit him to use ether on one «/ hie patienta. On October Ifl, 
tS 40 j in Massachusetts General Hospital, Morton tiegnn the admin- 
istcrmg of ether to Dr. H'arreiiV patient. From that operating room 
reverberated that memorahle statement wliich has echoed down 
^ough the docatleo, “Dr. Warren, jour patient is now ready.*' Dr. 
Warren oemmented tliat tliis was n o bnmbug. Mr. Abbott, tlie patient, 
was fast asleep. Ether had found its place. - 

Shortly after thie, Oliver Wendell Holmes, in a letter to Morion, 
conveyed the fact that he had asedgned n generie name to ether and 
all such agents. He commented on iJic importance of a proper idec- 
tmo of a name, for Holmes hdd that it would be on the tips of 
every potHin of all race® who in time to come would dwell on thk 
planet. il« coined the word ■‘anesthesia*’ from the Greah iuih,ta, 
perceptiun, and the dr negative, namely, withmiL peroepUon. Ethyl 
ether is tlie most generally used of all volatile anasthetics. Its mule 
faction is iihe that of nitrons oxide. It is not deco^^ 

Jji ut its proseutjd iei uf ihc ^utm] iiervtwts ^5l£iii pro* 

dncea insctiaibiliiy to pain and a liiatua in consciousmssH. Ether tv- 
quirea 11 to 8 percent concentwtioii in the inepired air to produco 
nneathesia. During surgical ancstJiesia the concentration in the blood 
la approximately IfiG^ mg. percent. The blood presf^um remains < 8 » 
iiaiitjally nomsl, respimtiim full and regular during etlier uj^lh^a. 
roloMtion of abdominal mu^ulatura is complcto with ether. 

0 adnuntetradion of the anesthetic agent in the drcitit with oxygen 
m^ad of air aoenis to toduoe Uia incidenca of postanasthcttc nausea 
and vomiting witli «Uicr. Poatoperativo abdominal distcoea and too 
peat a d^ee of volatility appear to be the principal drawbacks 
to ethyl ethar as an anesthetic. 

Edier, w^ri exposed to light and air, has a teodenCT to develop 
peroxide. These an, erploetve and also mm pulmonary irritants, 
when ^er coniaining them is employed as an anesthatic. The stme- 
tune of ether peroxide, according to Wieland, is: 


I " 

cili. 

OB ill 

DQiyrlrosycftetbyi pi-miildt' 

The PhaimncopoBia requirse that ether used for anegthotic purposes 
must bo peroxide-free. The test ta carried mtt as follows; “Shsko 10 
cm of ether <^aaioi,alIy during 1 lir, wilh 1 oc. of a fresldv preparod 
utiHooussolnbon of pnJimaium iodide (I b 10) in a 25-cc. glass-stop- 
pem cylinder of colorless glass, protected from light; whan viewed 
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tnuisvciselj agunst a irhita bockgniiinil, no color U seen in cither 
liquid.” 

cnuOaOFOBM 

Wlieii the neirs of tliia importatit discovery of etlier bridged the 
Atljuitic^ Junies Simiico]) of E^bitrgh, bcgBii an mssidaoua soardii for 
sobidano^ ae good >s, or perhaps beUcr than, thi* An]eric4ui ethyl 
other. Iteecins stmngo indeed that sciontists in I^ngtstid did not pn^ 
cede UitHB in Amcricti in tlie use of ethflr heoiicie Michael Faraday, 
di«i< injpii^ihtid pupil of Sir Hun^phry Davy, was one of tlie hrst cliem- 
iflta to produeo ether. Simpson’s raqairiniBiite were fraught with many 
fail Otis. Ether was better a gei^eral aneHthctic than most every 
substance flmt lie and Jus asaociates tried. One day, he wus fwjii- 
bliiig through the papers on hia. desk, ho found a vial of a coloring 
liquid which had been sciit lo him by the fiarman apotliecury, Justus 
von Liebig. And Simpson tried it—^ie liquid waa eblorofona Sev- 
GTol Utnvs did he anesLluKixo himsoJf nud hie associates, Keith and 
DimcHii, to unconsciDUsness with at least apparaiit impunity. It la 
roconied (hat immediaieJy Sinipsem recommended tlw use of chloro¬ 
form to alleviate the pain of childbirtii, To liils the clergy of England 
objected. They pontcndml that this pain was a penalty pronouni:ed 
upon Eve for her transgression lit the gawlen of Eden and in cousu- 
quence all subsequent generatiotis of women shotild endure it witiv 
lulietice and complacetuts. Simpson was a careful investigator, but 
also was astute at lUpartee. To this criticism ho very aptly replied, 
‘The Lord causml Adam to fall into a deep sleep before appropriating 
his rib; out of which Iw created Eve,’’ God adiiiiniatunsd the first 
anesthetic. Queen Victoria, that pioneer of English cuatoma, broke 
the speU of superstition by f*ermiuing Simpooti’s chlorofona U> be 
used in lier seventh contlnemonti 

Chlurofomt is about five times more potent than ether as an anes¬ 
thetic. Iiisalaoitiuchmorotoiic. The deeliue in the use of chloroform 
in general anesthesiiii is duo to its Htrikuig tosic acdon ufioii the heart 
and liver. Ether does not cjJiibit this, llcis.t dcatlia undiT cliloroform 
anesthesia occur in the induction stages. The Hrcchaniam of the ooiite 
iDtozicatiou probably takes place in the following manner. Chloro¬ 
form stimutatne tlie vogufl centrally end slows the boatU Through ^ 
escilntioR of induction UJidogonous epinephrine stunnlalce the cardiac 
accelerator, thus the aimultoneoiia effect of srimularion and depression 
of the heart rate produces fibrillation of ihe auricles and rontrides. 
In addition, cWoroforni is camed fnini ihe aivuolar air to the left 
chambers of the heart in concentrations which are cardiofirrie. Before 
this has been diluted by the general ciiciihilion, cardiac stoppago ift 
produced. The upproJumato mortality under chlorolorro uw^esia 
b of the order of magnitude in 1 in 2,600; wilh ether, 1 in 10,000. It 
aissio—4fi—w 
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19 of ir^terflst %o Tiot(? that tha fluonne inalogna of ch]oit>fcimi| nain«lj 

flaorofomit b £f«lth«r arie&tJietic nor toxii^ 

ETHYLBLNE 

tli& diet^oTery of dhlorafomi Iher® followed serenil ban^n 
decades in the Geld of generoJ aneslhesm and nt thfi turn of tlie centur; 
ihi:' iimactientarlum of the one^veiiat eontahicMl only nitrous oiida^ 
ether* and chlonDfomi augjuented in a smaJi moasurif by ethyl chloridoi 
Through the first two docodos of the pre^nt century no substantial 
goifiB were made. However^ in cthykne was ijitrodiiced by huck- 
hardt of the Universitj of Chicago, It had been fdiserved that traces 
of ethy lonecau^Hl tlie fadinjg of fiowcTS and this ohservaiian had come 
to Luc^iaiTlt’a at lent ion. Ho waa curiouii aljout it. He wanderer] what 
effetrt ethylene would ha ire upon animat protoploEm. Syeteniaticatly he 
tested the gna tm lowor auuoab and ob&erv'cd ita ajiEsthetic oflecta. 
Ascending in the scale of derohipmeut, ha observed that tho aJicsLhetie 
properties held for monheya and Gnaltj he permitted himself to bo 
anesthetised many timoA lo uiicou&cioofiUEaa and ethylene trxjk its plofic 
among tlio general auesrthatics. Perhiips tliis diBoOTery ilJuBtrales this 
cluimcLorktica of a soie^itist, ^‘one who has the flimplimly to wonckr, Urn 
lihility to que^tion^ Uic jKfWBr io genemh^ and the capacity to epply#" 
High concentrations of ethylene are recpiired to prodnco anestb^a 
(8& to W percent) audi to rti-^oid hypoxia^ the goa mum be admiiihAered 
with oxygen- The gas mixture! is extraorfliiiitrily explosiand many 
trapo accidents have ooeur™! owing to Urn exploaion of the 
ilirougt iguitiou hy static electric bparkn* Undoubledly thk has mili- 
laled ogflinst the wjdospraod u^ns of the gm 5n many places. 

AVEEllN 

In ]S>2T* WilbtStlcT prepared a general at>eet1ietie^ trihrotni-thanoh 
marketed and employed tts avertin^ dissolved la amylcne hydrate, 
Tlie principJe involved in this discovery Ig boiwd iipim I he tfieory' of 
niircoste amnfjnnc'ed by iloyer and Overtou in imX Ehj?efitialJy this 
ilieor}* holds Ihii Iho greater tiie oil/waUsr ^lubjlity is^ the more 
potent is Ita activity an the central netrons system- Alroliol 
hat inestlieiic properties. The alcolmis of the afiphasic series of hy¬ 
drocarbons of higher mojecrulur weight j-nch as aiiiyt nuJ oclyi olcoholj 
ore lees water soluble and more oil solublfl, luid their potejirks as 
ancEthedc agents arc greater than that of ethyl alcohuL In smtiHi 
III roc of ihe hydrogt-n alorus of llie ethyl alcohol moleinila having a 
comhimnl w'eighl of % have Irtjeu replaced by three bromine 

iioma, the oiim of Htomic weight is approximately SID* This 

inrreaee ill tnoli^ular weight incri^oj^cs tbo oiJ/W'aler coelIii!knt and 
simuUajieouHty enhances the ane^thatic p^iieuey of the comjjyutwL 
AvTsttin is administered rcctally, II? anesthetic indiva or safety mar* 
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13 nirroWf u tht nnesliiotlcr and fito-l ilo^ do tinl TOrj hj fk 
grc^t d«?^reD of ma^iiude, Tli«rofnro+ cooei ruioegtheti^ts prefer to 
itj$e the drUj^ in muotiute eqtinl lo thrflo-j|intrte-rg ijf aneEllLetic dose 
aiQ a bii:^4il and lo comptele tlio reiaxatioin wiOt oitroue oxido 

or ethi'r. Ttui drug is ooiirnutidk-AtiNl in pntkitLs s^tfaring 
hepatic or ktiUiey diaeaae$. It is tinfortimaie tfiat all of our data on 
tho efficacy and eafety of tribroTnethano] are befogge^l by ilie fact 
that it is employed dUsotved in another imc^hotk tgon^ namely^ 
iimvlciie hydrate, Furthormorei avertln ia a Bxed anestlvetie^ anil 
UircAteued collapi^ under agents of this kind Is much more difficult to 
combat than it ia undci- volatile anesthet ics Uodor Lho latter^ renLoml 
of the maak initiatec the imirtediate cnum of removal of die agent 
from tlie circulating hlooiL OhrloLLBlyi vcht^n a fixed onc^tliacb ngcnt 
la used, t his aafety iad:or is uimraJlably; 

Divixn, OXIDK 

It fwcnrred to Qiauncey Loahe (1) of the Umvmity of C&lifartiia 
rn 19^ that \t would irf gteRi iMterest to prepare a byhrid molecule 
between ethyl ether and ediyleno, i. e., a mDlccnle which cOTtanwd the 
esseutinl features of the molecnJcs of each of Ihos^ aue^lhetira^ I'oU 
lowing ihifl euig^cstion Major ami Brrigli (2) prepared divinjl oxide, 
‘^Vinethane ” ^e irfutiim of these compounds to ethyl alcohol can 
b« from ills fonnulaa. 

CjBi 

CiHiQB . 

I CtHi 

45«4iq 1 Itlorl aiacr 

n n IE B 



£cll]tn« otrtarl Oxl4i 


Dirinyi oxicte is more ponerfui tiau eLlmr. It is n liejutd of vety 
low boiling point. With it, is rapitlly induced^ bin owing 

to hopiitic injury which m»y occur upon prolonged inhaljitian of this 
anfistliotic ngwit, its use is confined to operaljoiis of short duration. 
One most not pnss over the production of this new agent wil^om pay¬ 
ing due tribute to tiie feniUiy of the mind that conceited it In its 
concoplioii a molocnle was deaigiiedi tynthcsiKcdT and uiticipaled 
pttipeitiee were luter distiOTefcd to be inherent in it 

CTfCTjOPROPANB 

In tJRO Lucoa and Hentlefwm (3) of the ITulvorsity of Toronto 
itiinoimcetl the aDcsrhetic properties of the hydrocarlnm, cyclopropane. 
The atniclurr of cyclopropane ja eecn in tlie following formnla t 

ctu 
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*rhe E*!s is more putonl tiinn etliylene anil Iwinca pennilfl tlie adinia- 
liire daring aneethesin of a larger pcrcfintiige of oa^gen. Bakution 
of alxloniinBl masi.TUatnTe is good during cyclop^panfi anot-^u'aiii. 
During iho dacnde of its use tbo gas U now cstablislied us an import 
tant and dependable agont. Recognition of it in the United States 
Phnimaeopwia XU bespeaiH ite growing field of uHefnbiws. A 
brochure by Robbins (*) of VandorhUt TJuivenaity on cyclopropane 
Tcrlewii the entim Beld. 


CTFnoMfi ISTtlBH 


At the Medical School of Uio Univereity of Maryland in lOSO, 
Krantz, Evans, CaWt and Forman (S) fflieceeded in developing a 
chemical reaction for the convenient preparafion of aliphallo cyclo- 
[)ropy! ctliera. FtHir of these ethcra haw been prepared already, and 
three of them have had preliminary trial. One of tlieeo agents is 
cydopropyl metliyl ether known ns cypromo ether; its stmeture can 
lie seen by the following fomiuhi: 

CUi 

HiC^^-^-o-cni 


The phannacotugic st iulies condneted in the Univerailj* of Mary¬ 
land allow cyprome ether to be more potent than ethyl ether and pos- 
aihly safer. Its boiling point is 10* C. higher than ethyl ctlier which 
slmuld be n dMiret advantage for aneatljeeia in the Tropics. Black, 
Shannon, and Kmnte (6) in 1040 repotted the Qrst human cases 
of ■nesthesia w itii cyprome ether in “Anesthesiology.” The com jmiuid 
appears to be promising. 

Other new aneathetics which have been pioducwl by these iiiveatigS' 
tors and arc under study at the present time are: 


cii, 

o-CiH, 

OnMtaMOK 


cit, n n 

4 & 

pfhff 
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FBNTOTHAL aODltJU 

Many years ago FrSukcl prepared certain thiobarbitiiric acid com> 
pounds. Based upon insuflicient evidence upon a very limited number 
of animals these conipoundH were discarded os not being worllij of 
therapeutic merit. Within the past $ yoars these compounds have been 
reinvestigated and found to be vary prompt-acting barhiLuratca, yet 
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u» action is of Tery short durmUon> Th« one moat eit^ively uBod in 
this country is penlothoi sodium. StnirturaUy this comj^und is 
[Hmtobnrbiliil in which the o^gen atom of the uren group hna osen 
rvpland by a Bulfur utoiu. 


ctu 

lO^o 

s 


A- 

X. 


CNuttbot*! iMiiapi} 


CTIk 

cnr-i—H Cilii 

C—BNft 

rfnt^llOaibvUt^ 


LaWIKBiM MPii U P ii i -- -- 

The wi(l(«t UB6 of this compound voty recently bus hc^ in 
anesthesias by intraTOimm miedion for surgical proj^ureo of short 
duraliom this purpose 2 to 3 cc. of a r.pcr^aoluii^ ^ 

-in about 16 seconds. The injection te 

the conmlete effect to become matiifert, which roquires about W «« 
^ndriKSm hoe not occurred, an additional 2 to 3 c.^ may be 

TJw iSiwmnce of pentothal sodium as a 
be overestimated. Tlie mortality sUtistlca with pentothal 
fnvorabk. and this agent .ppeare to hare w-artauted a permanent and 
Enviable poritiim among the ancsthetio agents. 

BPlMAIi ANBSrroSlA 

The m»e of local aucsthcLio agents in the apiuJ fluid to 
anesthesia dates back to th® turn of the rentaty. In ® 

this form of an^dlieaia, the deaths were so 
larity dimmished. In more rerent yeare, wiUi more akillful 
and more uumeroue new syntlietie local anusttotic^n ore . 

this t>i.e of aii^hesia has reccLvi'd a new impotiw and is at pre»nt 

.11 tjpM Of ntv^ fibem M« Mo.k«d-*n»ry, nMK, .»d 

TI» muM! Uc*<K<.-uwin »to Bnuortai»liwll »t»l- 
l„«.a by motor poroirin Th. dtinUiou o£ tli. iti«n.il»ll V to ^tt 

::lioo oTlltr W IsUotio .^L ^in. Uj^ondjm mfe 
conrentratiiins produces an ancsthreia of 

hydi^hloHde (pontoeaine) can be successfully used for a period 
3 houre. 
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Tlu^re mre niactj idde nmctbns timl may csccur a£i4.-r tlwa iiijcsctimi 
of an aneatiu3iLiG ageiit intnathtciUly* Tbere u* a li^ if I mol or touisi 
which foliowig ilifi paraJyiijb ul t)ia vas^CHroni^clcir Sb^rsi m llit^ antonor 
iwjTvc mitti. The blood pressiirt conscquimtiy may fiiU lo a via-j low 
kvel requinng the of suqii dxiig^ as i3ph(?ddu& Hudiculh^, neuri¬ 
tis, moiiingit-iE, fLtiil palsies lire £ODie of ilie uiide^ifabio om;tthetic 
aeqaelttc thul liavti oecumxl with the use of tpiniJ aiiegthetlea. 

OtTTLOOE FCUi tHE Ji'U'i'iftC^ 

Per ha pa tlicu-e m no RhH in moJiciiw where mhiovomt^U liavo tweii 
as great and as for reaehing ii.s have Utii (he adt^nce^ in anesUiuia. 
The scofjo of this feriew purpoaefuily cxchided ndvanoea in the todt' 
niqnee of anesthesia such the invention of the Anestbeiic rebreath- 
ing machines, tho ^andotr^aheat tiibc-v the use of moUt soda lime 
and conducting rubber devices fur Ute grounding of atJiLic aparbi^ 
AU of those hate made definite coniribulions lo lurctsiUeiic ami 

ftafety. 

Future rasenrehee arc certainly to bo dtn?ctcd toward th^ end of de¬ 
veloping a beU^j* vobtUa anesthetic ogimt tiuin ether. It npiM^ars 
indeed to be possible. Intravenoua anesthesia needs to bo maiie safer. 
Other iigcnte need to be investigated further and better tmiidotea than 
are now available must bo founcL Tlie futui^ nnisL invaatiguto furtlier 
Mid understand more dearly, from the point of view of ceUular 
physiology, what b nuiatit by ihal profound hiaMia m ccuii^ciuaiiie&s-i 
ao glibly roferriid to as surgical aneetheeiiu 

n) C!n.toHarT atiiS Ciiki^ 

1030. Tl)e ataflATlUi^lc iH-cperUtfl at ceftain uaSAtumtetl elbfxf- Piw, 
uiej. flii^ Metu roi. ^ No. 3:, un m~m, 

Ituant. WxLiUM arut ‘r. 

liai. Tbo iiirrpnratlou and Eu-i>[MirUiA (if nurv dUiayl e<ner* Jimrn. Anicf. 
OlifiEL StiiL^ vuL 03^ So. T, p, 200^ 

<3) LiHua. 0. H. tv, and Hcmmea, T- E. 

lfl2S». A niw anRcalKetKcfn*: t'yctoiirnpaDep CAmnlian M«l. Awoc. Jaurn-i 
wjJ, al, No. Z DDL i7a-m 
i,4i Eovm^aB. It 

}e#X C^ij|iro|]Aue auaiUiailiiL let ad. UUEIujuji hiuI WUkin n 0^^ Baltl- 
muTi?* Uil 

({() Kmaiiti, Jona ft, CAnn, C. rotM^N, i^;TA?r ^ nud BvAna^ 

Wxuiam E Ja 

mio, AtHttihaalMH L Tht* aniadinU5 h^lloti wf tTvlniiropyl mrtlirl 
Jounl. PnartiMiL'el. ind Exp. 'lUi^rnn.. tdI. 00. No. 3^ VP^ 

(01 Ui^CK. OoaarAitcia, SiiAKitfon, amaa E. atni EJtAwn. Joitjf C« 1*. 

mill Hmdlfa ifUln cyclupriTiifl cnomrl elticr (cTpriTniv oUw) to man. 
Anrcttifalaliittr^ taL I, Ng^ a vn 574-^2TP. 


ASPECTS OE THE EPtDEMlOlXWY OK TOBEBCCLOSIS ’ 


Bj- Lkukh w. l**m 
Tkt K'tii'AMolOn rnlcrrfifv 


Dttipito iJw ilUlicuUv Omj Aintrlciui PiibSic HwUh Aa^mtion Iwd a 
.liort Hiae ago in «Uling tip™ a dcfiiiition of 
believe h ie not imtHKBiblc to say wlttl epidemiology ist Bpidenuo 
is tbe ewilogy of It is the life biKoir ttttd envwonmenlai 

InUomhil^S difienfle. It pin*.'® lc» emplweiia mi liow 
the iiidmilual -oid more on its mas nuuiif«tiit«oi.s; Ude on 
mueh onl»>^ it ^pmebend Uinflvtancedby -U 
Tlie fcttidy of tulKPCtdoais b uionendoiisly comply, end ^e roaulU 
that have been obf confiiiiine- 

inm outLsing tlie dl««c b diffinult to obtain and eljidy. 
terifitn. tuberwlo^tt grtiw* slowly, tnit we be™ long had 
eulluio mediums end suitehle wpvrimontnl ^ab ";™;^ 

able. There b, however, no disease con«»n»ng wbicb t^re are more 
disTHHwi ™n«»pt« iutd theories. Shortly after the iubeiete bacilli 
imitbe the body siKcasrfulIj tissues take o« a new 

caparity to react If into the ^ of such J d^Uw 

Jubb protein of the ttibepris h^cxlim is in]^ed, there .a a d^^-J^ 
res,ami The area liecames inflamed, slightly raised, anuEoally fir^ 

and somewhat psinfuK It b, h, fad, a typical of 
flammstion. Tliis reaction reaches tta Iifcight nn the s^nd and third 
drind tliereafter slowly fades awny. This is a p^.tbe tube^lm 
teA Bt contrast, a i«reon who hue not been Micc^f iilly invaded li> 
the tuhirb badtlus will giw no reaetion to a similar iiiiecuon or in¬ 
deed 10 nno many linws stronger in its tu reu ^ iniec- 

Tl,o condition of the indiridnal that cmises him to 
tinn of tnberciilin is the nubereulin W f 

would seem Bimple to (Ictermine wbellwr it is better to 
^!L or tnbnSmlin negative hot it b not. . 

d Jr.Tr.nv HUTr -iU b. dl»t««d- .n.l K. , 

(Ifrtai ohssrv^t **Ik'lnre tubereulosb can be contcolled mjwwsfiilly 

• ACrtn^Tirf «»• •"itonf 
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funclamcntil concopteocmoQrning reactions of the host to tho mfcctions 
BgDut must bo cIsnliiHl. Poxlmi^a the most unporUint of theao con^pts 
is ilio retnttiui betTfwn the hjrpeiseiiaiti’TO or aUergte response nml im- 
mumty.” ShalJ inunutilae our children ngainat tnlwrealoaia t We 
immimlxe tlicm against diphtheria; irh^ not Bgoinat tulienmlosisl In 
1540,00,428 persons died of tuberculDsis in the United States and only 
1 AIT of diphtheriiL. It may bo oliijccted liiat tnbExcnlosis is not a chi Id- 
hood disease. It is not, and it is mtich toss so now than it was in lOOO) 
hut in JD40 a total of S,TST children under 10 years of nga died of 
tubernilosia, almost twice tha total number dying of diplithoruw 

When we hare clinical tuberculosis wWe do wa get ft I Is it from 
within—the lighting up of an old arrested focus—or is ft from wiilnnit 
by contact, often repeated, with open cases of tnherculostsT We now 
favor the latter ciew, exogenous fnfectmn, but it hos not been numj 
years aino a the former Tiew, endogenous infection, was nur goffpeL 
Yeais ago we used to speak of the childhood tyTWOf luhereulasis. Now 
we call it *‘Grat infection phase.” In this f oini of infection the tubercle 
bacilluB loealiws in the outer parejidiyma of tiie lower- or mid-lung 
Heid, and there is derelopod an area which, when it )atc<T become: ett> 
capeulated, calcified, or perhaps even oasified, is knoHn as a (Ibon 
tubercle. Before this happena, lurwever, the little colony of tubercle 
bacilli, oAen too small to bo wen with the naked eyo, esUhliahEs con¬ 
nection with functionally atljoeotit lymph nodes and there wts tip a 
focus of tuberculous infection that in time usually liecnmes calcified 
and, if large enough, vistbla in X-ray plates. Tlie tubercle ami its 
involved lymph node form the Complex of Banhe. As a ustial t hing 
on individual harboring this patliology suffers, particularly if he is not 
a very ymmg or a weakly person, few if any clinical symptom^. Some 
rears ago it was bdieved that almost every cliild had Bueh a **pritnaiy 
infection.’* Now it is known tiiat most children escape any form of 
tuberculous infection Biid that ‘‘Drst ittfi^rtion fihnsu*’ tulierculosb 
conies in both adults and children. Is it ihe same nsnaliy benign 
disease in adults that it need to be in children, or is it much more seri¬ 
ous t We have a debatable propositiDTj. 

Years ago we need to syKtnk also of the ‘^adull” form of ttiberculosts. 
Now we coll it ‘^reinfection plinae” tubQreuiom& Tliis is tiibcreuloeia 
itereloping in an individual who hoa had **11051 infection phase” tuber¬ 
culosis and is tliereUy a different host from the individual never oon- 
tacled euccesafiiUy by the tuborele boctlluiii. In lliis fonn of disciiae 
the lesion usually appeere in Uie upper third of (he lung and does not 
involve tlie rtmctionally connected lymph nodes. When each lesions 
heal they show Ifass of caloiflcaliwi and more of reeorptJon and fibroeie. 
spread of this type uf diseotie, whidi frequently necuro, le by caeeatian, 
liquefaction, and excevntron. This ‘^odiilt” type of dlee^ can, of 
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oecpr in a child prtmdcd it m ^ indirlduoJ who has had "^hrst 
infcctioD. phaaiu” tuberciilosis^ It was fonuedj thuught that each disr 
ease arc^ dtieily from one^ uwn reservoir of tubercto baeiUi hoid ovor 
fiYim an irtilled bifaciitxn phaae^ uttacik. Tim fact thut ovi^i- 

work, y?Qvty^ lindvniciiirbhmcut, and oilier untoward socbx^cotipmlc 
factors predispose to luherculoBiB fitted id reiy well vriiti Uie idea that 
each man carried about hie own pobentinJ tuberculcusia and might light 
it Uji as an adult h;^ lowering bis persoiiai resistance. 

The following ifuotaLioii from the Americaii Keview of Tubercalosb 
(Dobbie, IC^O) m ]ii:>t the poini of view held today: 

In udullB U^e prubk-io nf prtrmitliiif miulm rvfj ttUle ilteatlea. 

fn*at itmjoritjr ot a^aJii^ liuve alre^uV taCeciRil brl^ru mudiljia fulult 
life Wliul adidti liJive m f^oir mmi U not futtb^r lufeeGoa from without, but aa 
fEiiQtahrtk of IM Ibfectluu wtlrN tbfiy alntadr Mve. leiirtlna m ibe 
[♦fa gtm]£» of iTiftptoHis wh^ch wv ana pJetfletl lo caH the dlseoae tiibc?rculo«iff. Ml 
udlUte aboalfl of coorf^ nraH floU laUuiafi* euittael vHb g^o^j' 

cMrelM tulieRUloum penuui hat thm Is Uttte to be tfwod ihrouitk onUiuiry coa- 
liuit It tuM been tluit tln'i £iiri!fiil cunvlmiptlre la uvi a ihtu^r fii tuiyon^^ 
Tlile Ml|;ai be mil4lJ3ea to rcail the wtinwipliTe U e gmve to InttmUt \im 

dangtiroo lo rljlldrpi]+ auO oo ilangi^f nt all to AdLiUa kt reaiHiiiiiable bt 

ex^rctse^- 

Lrt efuiitwj^ again. fhuuld nvl be afraid of ibo i:oIioh;:^[^ lindLlliuL For 
oar«dvv*». lu udnlbt, lU n nilo DoOfl fiwr no atradt ffoni tbw that nro 

ijow In ouf bodies. For the cblldrcn^ BJiwe wi- omuot paTnanoit;^ protm Thom 
frosai UsiTnilon, let ni wUelf cbooee Uio ilmB wbra ill* ImicUU an* ftr*t lo tw ojvf. 
If ibiK b-^ ilonr. ibo tatwnfe IhtelUJ utnjr Ik? tniaafiCiiliioil from a mvojiclftg liiouij 
Listii a jiroiLyilcB frlfOit TUI* is wltat iihoold be tiutbt to mlain na otin- 

Iirtelng the kuuwledgv- In oocordaace wJib which bo idiDUia lire and RCt as ari 
ludlvldujiL 

Today wc favor tlie view thnl tubrrculoflis iniy be cuntrafted froiii 
couilDited contact with open cases ami that its incidvat^ may he 
roduced by eliminating sources of mfcctimi from milk or meat; by 
miaiiumng contact with open cases through early and acicurate diag- 
noaia ami isalation; and by proj>c«r care of thim having tuberculosis^ 
indiidvng fill! atteniioB to jimper nutrition ami conditionfi of living. 
What a change of ijomt of view within a ganoration ] Sonm awuia arc 
even working on the hyptdhcais rh»i all tuberculosis can bo pnpvonte<l. 
Conainly one cannot develop tubeFrcaloaiB without Firet becoming 
tuborcttlm positive, HDnco+ in oertain parts of the rountry where 
condition.^ are favorable an C'fTort ia being made to place tnbcTnatGeis 
im the county acCTeditatiofi huaia. In IfriO tlio death ram for tiibercu- 
loais in tho rontinrntal l?niied States was 15A> per IfiO.OOO, one of the 
finest rates anjwht^ m th<j world. It ia a reaarmable estimate that in 
ihot ycflt about fM> jK^rrarrt of mir total ptipulaiion wero Uihcrculm 
pcaitive, Minii^a has estaliliahed coutify accredilaLion far tubercu¬ 
losis, Th if *^iiew idea in human tuborcultftiis contror^ provides llial a 
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coimly 8h»U be nccretiited in which ihure is iu meiige suinuiil death 
raw of 10 or 1 «bs per 100^ and a tuhercnloeia infoclicn rataj iS avi- 
dciiceii b_y a positive uiberRitlin test^ of less than 15 percent aiming 
higU'SchOfil aeniorfi. At least 7 of Miiineaot a’s 9" coimtjfis have already 

qualified for Uiis lumor. , 

Ciuual refeiunce to tubei'culinis infection an somethittg quite tune 
extonsire lias probably boeii ewnfuaing to the reflJer. Eeieronce to 
figm^ I flhoutd in tins undBraHuiding of the early stages in Um 

host-parasito rolationahip of tJie laborcte baelllua and uiatu 
ijuuio diseases aro short-lived and decisivjj. The patient is sick 3 or S 
days and llicn is about his work. Such a dtsenw i» a mild attack of 
infliictiaa. In typhoid fever, on the oiher luuid,tlie patient may bo ill 
« weoks or more, mid there is a furtlier periotl of convulcscenco lo add 
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to the 6 woakfi* toss of time from work. In tuliercuUiais diere itiBy be a 
very giadual onset involving 3 or yeare bofore Uie patient Uu any 
symptoms at all. Probably ©very twTtJoii in tJie Uaitisd Sutos liM 
swallowed or InbaW at leakono being tubercU bacUlua oven in this 
day of allegedly fine progress in the elimififttion of ttibcrcuiosia. In 
lialf, or more tlian half of us, the niiia^obe did not successfully iavadu 
tbe laidy. (iiojiifl of tlic points involveil in (he liost-|»ara3ito relatiim- 
abip bearing im tJiLa point are fascinating to contemplate but dUltctilt 
to set in order, and they are graphically suggested iti figure H.) 

Shuilly (2 to i weoksl after the tuberclft bacillus has invadwi tlio 
body the tissues Imkomio aeuaitisod and tUo boat is nlteretJ profOnndly» 
just bow profoundly we do not yet know. Ihe rlicilutiuu of n |josi' 
tivB tuberculin teat from BUtili a pereon is only one aaiasct of the unit- 





EPlDES.IlCrLOR'r Of TUBEnCULOfllfl—PAHR 481 


ter* Th* senflitizcd indivtdupi jmssesaes h new Teai.''ti(>n pnttem, W'hiith 
he will kwp as limp as liable tubercle bacilli remnin in his body. 

Fottumtcly* Llm greiii mnprity of EciiBitj/jed intitvidunls do not 
progress farthei- townrd clbaical tuhorculofik. Such Lodividutilfl rto 
harmtuds to olhEfB lit tlieir (ftivtroiinjent, for lljc ttiberch? badtU oaus* 
ing tJie tjCitsiiutdiLicin arc lociod within their Itodles. Indewl, hb Loitp 
has so vTdt pointed out, tha tuberculous indiTidnil d(»cs not luiter into 
epidemiological pichtro until his pathohigy b well advamasd. 
Large lesions caseate, liquefy^ and erode into bronchi where bacilli 
ore Bprtod fartlier within the lung of the hapless patient or eipecto- 
rated to Ihe oubiile world. Interestingly enough, the number of 
ttiljercle bacilli becnines vary great in an area of just this typo, wlieretts 
they miglit have been rather few In tlie same area u month earliar. 
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ruiLv i'.—idsrae of the liwtnrt entering Into the host pafwitte ntUtlousliiiN wWch 
hare aincb <o da )o diiWfJBinlas the outcotufi of an (afcetloiL 


Only a few of those who become tuberculin positive for die first time 
will progTcM to Uia point wliere roentgenological evidence be 
oldaiiied (hat lliey are tH, and of these by no means alt will advance 
further to the jioint where clloiral symptoms can bo noted. Further* 
muro, if mken at tlifi stogft of minimal ttiberculusis, the disease ts 
to arrast. Even if arrested llw individtial will etilLi foe e long tin^ 
Likely for life, harbor some of the tubercle baoilii that multiplied 
witliiii his body. It may (sem odd tliat one can be in good heakh and 
plaT host to iiHihogenic organisms. Such a heolthy atrested c^ 
sliould not be a sour™ of danger to others, but it is importanl to ^mt 
out (hat every eatciisivr survey of adolta reveals sorao of lli^ inoi- 
viduala who are not flolisfactnrily arrcstwl caass and who t-ontmuB to 
work or emu attoiiipt to enlist in tlie Army of Navy whUe realty auf. 
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faring fixiin moiJt'nitflly ndvaiifiod or oven far adviiiiued tubevcidoe'is. 
tr im l ilt lly, tnon; of thorn are not ovi-u airare of the ecriouanets i>f their 
condition. Thitnbitole hnciUiB i» not it riclotM palh<>gKn do^ito the 
fact tliat it causes the mwt import(Uit siiiglo rtmeaBe from which tiiau 
has oi'or fliiftcrod. It is therefore, all the more importJUit ihiit tJie 
facts about tuberculosis bo tnown, so that mcflica! practice end eciciice 
can ctititiniiQ aaeqaatdjf in the effort to floive the tuborculosia problem. 

IVliut is the proBcnt stAlus of tuberciilDSM an a medical prohlern ( 

KiEVt of sU, ii is wortliy of note that tUcr* has been a verj mark^ 
decres» in this country in the uwtiibcr of clmtlis from ittbeteuluaia 
In tOOll tlw rate Tfao 1&4.4 per lOOjOOO; in 1040 it TVas 4it.0f in 1(H£ it 
wjifl 13.1. There was only 1 deatli in 1540 where diere were tS d^llin 
in IDOO, Not only tias the mimbcr of deatlis decreased but the distn- 
hution of those deaths has rfuiiiged both witJiin the total mortality 
picture and within Ihemosaic of tuborculosiB itself. Table 1 will make 
some of these changes clear. 
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It will he noted tlmt in 1900 tnliefculosiB accounted for 11,3 peitsnt of 
all deaths. By 1040 this figure had fallon iff times, to 4.2 percent. 
Another signiffcant point not shown in the Uble is tluit the disease 
is becoming pulmonaiy in type. In 1940, of the 60v428 deaths from 
tnbcTcutoeis, 33,376 deaths were pulmonary iitburculosis. Just over S 
percent were tiiereulneJs of the central ncrvoiia syatem, gastrointesti¬ 
nal tract, the bony structures, the ekin, the lymphatics, the gcnitourin- 
ary system, geuernlbted tuberciilostAi and infection of other organs. 
Forty yearn ago rbis figure would have been mudi higher. Other 
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change w lattT nota am a great decrease m the proportion of dcat^ 
from hibercalo^ in. infancy, dhlldliood, and adolijscencc, and ercn m 
early married Sift There hjia been a relative increose in iubairuloslir 
deaths in the middle and later ymes of life, and tliere is no longer for 
Whites 0 peat in tlie curve r«[nv!mmting deaths from tuharculosis. It 
in rather a plaieati extending oner threo or four of the must impCFjiant 
decades oi life. 

Tulwretiloeis mortality is much higher among in ales than amni^ 
fctnalM. In the States Relations Division of the Uni tell Statra Puhlic 
Htmlth Service there is now a Tuberculosis Control Sect ion headed by 
Dr, H, E. HiUiijoe* 'i’uberenlosis mortaUty in the DnUetl States, 1530- 
1941, was rovieWHl by three Puhlic Health Service workers in PabUe 
Health Reports for October 1, 1943, They point out ihit for these 3 
years, IS30-11>41, the mala death rate (S3.d) was 41 percait higher than 
the female nite {38.1 i. Thie eicasa in morality among irvalee la bigiiec 
for lubercutosifl than that from deatha from ah caiisci For Ihes? 
a yeiTB iuberculosis was Bcventb in ntnnerifioi importatica aunong the 
leading canaa of death There are vwy largo rarial differences in 
tabereolcais mortality, the rale for Negroes in 1040 (123,5) waa nearly 
three and oiii^haU tinws thal for mitiH (30,0) - The rate for Indian^ 
Chinese, and other races was aboitt doiiblB that for Negreea. Ainong 
non-Whites tobeiculosls wiui third in numerical importaiuse as u lead¬ 
ing cause of death. Another point, hotly diaputfti in the epidemiology 
of lubcrenlosiB, in whether the Negro tubereulcrtiH viporiencc is Uie rfr- 
suit Ilf the leas favorable socioesconomic conditions under which thi^ 
live or is due to inherent binlogicAl racial diflorenoes between Whites 

and NegreesL * , - 

Tnbereiilosia is still among tiie Uiree Icadmg Cttuaes of death for a 
relitivdy brm p<»rtion of the life span (15 to 49 years of age). It 
holds nm place at ages 15 to JH. second at S5 to 39, and Ihinl at 40 to 4^ 
For males tubereuloris is among the firet tliree leading causes of death 
at Ligen 16 to M, and for feniaks at ages 10 to 44. For TOtea only, it w 
Biirang the firrt three iBaaingcaiises of deaths at ngys IS to 49 for both 
Boxtfi, ages SO to M for tnulee, and 15 to 44 for fomales. 

Table I nweaUlho fact that Uiough we have made worth-while prog¬ 
ress in the fight againot tnbereiduGig this progress compares unfovoi^ 
uUy with Bdvanowi made in the control of such diaen^ijs as typhoid and 
diphtheria, and indeed for tlw whole group listed togrtlwr m the table, 
vIb, typhoid, malaria,meiisle?. Bcarlei fover, wlmopmg «mgh, and dipli- 
tJiGrik In 1900 ittberouloflis raiised only t-T timeg ns maay ^tha ms 
this aibitmrily selectiid group In im ihiB figure became 7.1yirfoo 
of the more perfect oontrel of Lite g™ip 3'e^’B* 

cant, too, is the more marked diminution in the deatlwiliat occur in chil¬ 
dren ujidor 2 years of age frem diarrhea and enteritis. That improve- 
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ment in tlia tubcncultms picture luui ocMSurtcd b, uf ootirse, tnjs. Our 
clmndes of dying uf ttilwrcidofits are now comptiLed at a mucli more 
{avorebti! Je vej. It is also of inXcrcst to note tbat tlic |>ercciitage of jier- 
Bona tuberculin positiTo luis been falling. For inslaace, one of the 
Eiarlic&t repoite on Lho reaults of tttbcrcuiiii tesiiiug of a studaut group 
wns based on a study condurted ut die Univei-gity of fliiimaiHitji in IWiiiii. 
Tliirty-oue pepcent of a,(XKJ Htiiitents were feimrl to be tuberculin i>«ii- 
tive In lU-11—only IT percent of i^ttdeiits were 
Tbue in la year* tJiere v?aa » reduction of 45 percent in t.Im nuniber of 
tubcrtuliti feactorEi, Similtir information gutliercd from achuoi fiurvevB 
all over tlie country js rnueb niuresignijicaiil. lima may on first tliougla 
oocttr to one, W&nre fast Isecotniiigu nation of inmBn ci l tr^l indiciiluiiJi- 
wjiii respect to tuberculosis. Ifiero bos lung Imwh a coiisidurable ecboul 
ibai has aui inta i n cd Lbat sensiti^tioti in tin* ^eiuse of tubsrcuiariimlion 
wiibnui progression is ptot«!tiwu Wlmt, Utey tmk^ will be the oTitcome 
as more and more tuln-rrulin-negative cbUdmi hwome miTilla and lirat 
meet tlie tii1>erc!e baciliue under wartime and reoanstruction cundi^ 
tionsf It is iicx^bte ihnt tbe medical-scliool tulHirculosis prublcui may 
cost light upon this matter, but before tbatpuiul can be pretentod it ii 
logical to consider the ejfcct of war on tnbereulottis morbidity and 
murtality, 

Wbsl was tJje efli-ct oii Ibe tuboKidoeis rnlo of Work! Wn r 11 Dr, 
I,,oiig describes tlie ailtiation in Knropc by observing; "^iLfter veare 
of continnniia drop, ibe rule bc-gun rieing in 1W16 and by 1818 liiml 
readied a figunr in rdl countries iibont as to-rceTit higher tlmn a( iJu- 
b^inning of the war,’^ Wolff bos described the privntiaiis of ih* 
period as *ii inToJuntJtry nmaa eic|>erinieiit . , . of more epidemiO' 
logicaJ importance Uiati endless Uieoriiing on tile pidholt^ of tuber- 
eulosis.” Th^Etateminitfi may la* ampliGcd in the wonbof un August 
JtHl article in tJie Statistical Butletin of die ^fetropolitan Life In- 
siirance Oil, in (Wii't os follows; 

.•nwrlawe Uie Wotkt War of lOH-w affonte «„ InOlMtlOD of wihtt 
Is Ueelr m Ijmir N’miw of tlio U>||l^n4it coimtrin nn Inrnsm la 

inherciUnt^Ea thim. leii pmtunillj nil nr u,e iietilnit t»untrli!« .if IMrnpe nircnd 
Htlirr all ItirmaoB In lulwreoWals or a ulowlne nt. of (in* ptowar rale of ile- 
».Tl"* r^llnhlr dnin fnr the iNTlod reJoro to Uie trerHla nLuinjE women 
and clillUres tu ElaelADd Biul tteimiJiriir. Among Enf^llth women the tnurtnmr 
from puitnaiturv tiibnnmloahi r.iu «t*.4illJr iliirlna the wur to o iicnk in llltS, 
when li Will orer 25 i«r«nt Ivirhnr ilmi, |« mx Amoiif 0.‘reMji w»m.-n Ihi- p«J- 
nmiwpr lutK-renioah, doiitJi ra« ruH Bl»wlr at Urol hut almr UMO tlip hwMw wa* 
ruiM<l, w) tlHi by iltje the mto waa ueurly IB iKiceol blwtn iluit ut UltlL 
liidocd, lo Gnnnanr ijie dmltt nib from tuWmUiMla unimta weiwp dlil mu 
r«nrn to uio prewm level utiUJ Um; «jii] llila won i.vt miOn- 

talnod forn few mtn tolluwinA. Tin. eQte of tuerwijw iinioiiit Ocmwn ftnuiiln 
wan urnntiiat nt ajpw hhiJit ad iftirm Anionif rhlldnm tlw rale In lOlfl won 
iwflu idEher than duriiiK Ihp war. 
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Filt worm? W 9 t the lEiuAtlon iiuciiijc Ui^ utEii?r DcTHg^crQDit coniiirt^ of Ebe 
Coittlciv&t. hLit iitk3y fimcinEnitttTT utAtUttoQl liato nrv iiThllahIo ta fthmw tJiu 
frlisblfUl in «pao of fbe*fr fcnm*. The vt t^kUiDC!nliMli 

morinUtf in Fra rice IM mrar <if tli*^ iiIwim of fnm 

for fJi*t IhmiM wJnfW tbe ^ItaiHloD was hi lb» wiind_ Tlso Mis for thu 

nnlovn^ii inM-tloti €how o iluirp iHirtLeiiJnily lo ll>li Itttfc tn 

tbo tuner jr^^or Uie rwordiU rmTo was 30 iicin!e!:ii liltUier tbno in llJl-L Tlw 
nodiriify ul Ihn^ ttarLsflca U UiTubUful* snil I he actual Irurreiw wsjs 
Jargur. To •otiitf i^\mx Ui* oUwrratlmi proOwialy holtlfl for liuly^ hui iu 
rCial t:^MRtrr htpo rwujtlod liciLthA from tubcrcalnsls Ui 1&1S wero onsr 40 
^percent lo of the 1D14 mter 

A fOw vt\\] ihow thp nctremPly hful roji^liSona In liflfinm ahj In 

FBvierii and fcwitlioflBitm Ktimpfc lit fttnwi* thr ilimth mtt fmm intercuIaBl* 
Iltmbhnl tmrlnc tli* w«r. T«ai ITT jwr IttJjOW m IMU f 3ftr> \t, MBS. la Vienjift 
thp nte Id Ui” Foriod wns ^ pervumt liigliisr tluin In 11111-14, KDd tn 

tJjD enflj Tl'ar* tl IncneaSfid (0 (W iK^rcenl nljow tlw' jirewaf rate, tn 

BiiitnpHi rtiB nijrolwr Df (l<fatlis ftirm Ute rtla«i»e in ItilT wn* unirtji ilunhlit 
Iltur »r IIil!l, iiiiit It <ra» bul Httl* Jo*d in Wifi, in IVafanw ili« nt*? la IMT 
wx« 54(1 |ier JlKli,(KK)v as eeuiiwimt! wlUt 3<W la 1513: lu Urawnflf Onrine iha samn 
tfurlcd llw mtw lucreoiwd Imjn 48T ta «B iwr IIKMIOO In tin- mbetvti- 

jiutln dpath mte In 10JS rBH<*«l Otr nlmasl IniwUhl*' flnnn' at L4fW t»T 

'Typlatl fft tfte tnrml of nibcrcitloaii In tlia iiputnl nnmlflw of Europe dwf- 
iiT* ihc TVflflil WiiT rtn- tbi* <:ii*(Tlifncw tif itie NV-therlatiila and atvltaffrlunil. 
In thn fofBtw* ibt' ilw!b fnto from It* iHwdbo ntoaiHly. nntll In lOTS U 
wn iwurT^ CO p*!r«int bI»o» tlw imi Spare: In Swhwjrlniirt. where iho trend 
wan ultarxil}' downward before tte wnf, the tato reiillinirti to full nt Anl. but 
rose tn the Intter pert ol Ihe war to n peat of 20T per lOiWXHJ In WIT. or B 
[lereont nhore the mte In 1OT4. 

In onr (wni twin try ttie uiortnlltj from lotwmilnni* nhowed llttk clrnige 
durliTE the world War jierfod m b whole, tnii eren here thore was n aJltht 
Ihnenie In the death rote diirlna iJie p^rlwl of anr actire partkljiflilim lu The 
war. HiXB the death rete ia the orlislnitl Bestatmtlim Stntsa .IwlltHSl from 
MJtft per loadoo It) IDU to il3>8 in IhlO. hm then rdMs W llT.l la WIT anti 
fiiriliPT !o IfIrlSi Jm 

nii!i?*6 tDcreBSfiS ccmiw ttlKiiit thfO’Ugh brf?ftk-dowTi lU tislstajtc^ to 
dir^iuse m liie (jurt thtriiosl, to bicmasei in opport unit its for inf«* 
tion, ntnl to * decrunaij in or, indwl. TOllapsc of fncilltics nvnitnble 
for yrroiser recogniliDn, isolation, nnd tpcntment. of liiseuM. Spo- 
ciliailly soiiifi of tins fhvtor* f«tr luUrculo^ arc: 

1, Tlip cntninoo of women into Jicovy and fnliiiiiJiijf industry. 

2. Thu tfltum of tlw oldor age group® <o active ifiiidoyuieut. 

3 Till- «■ lurn to work of fiereons of either bcx or niiy ngr t>h>'acally 
ntiJit to wtirk. 

4. lyfitij' liours of work often emotionnSly compensated for by long 
himrs of etreniKitts or injtidicioufl rel&iation—“Immlng the eandle nt 

kith tmdB." . , * 

& IteloTfUion iti areas of intense wir-lndiiiilty noLicity n^nlting in 
cimgesfotl living (v.»julititms withmit ailetjunte fiamtuiy facUities- 
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0. KflocTition in Amid uf intent w^ir-induFtry actiirity where tober- 
rulosiB TutcH mny be high bj persons coming from areAs where tober- 
culosb Titos Arc low* 

7. CongesLioii tn cnncentrttt ion camjhs^ w»r prisDoers^ camp^ ovucna- 
iion depots or campy, nnii air-raid shelters* 

8. Use of hneipiUl bods formerly oiJocatcd to the tnbcrciilons for 
mfire nrgent war needs or nctusl destmctmti of hospital facilities hy 
the boinbingg or bombardniciits of *'lotaF worfftre. 

Txjes of trained peroomiel to Llie war nec^l—phy&iejanaj nurses, 
attendnnLd, lAboiiitorT workers, and aodal worksri—all needed to raxfl 
for an increasing load of tubDrculo^ paUento. 

10. Food flliortngos, both qualitative and quantitatii^ 

IL Impossibilif j for perfect rest conditions so decessjurr for the 
tuherculuus and Lite pretuberculony. 

IS, Warty and aimcty over tin? fate of one's rdatirea <]r oven of 
one^B camitjy+ 

One of thrpf* points deserves partirular emphasiB hb far ns thie 
^'oiintry in cojirt?n\ed- As pointed ont in lui eflitorial in the New 
England Joiirtuil of Hcdidne for donoory ST, 1044, **it jb c^imiLLed 
that 25,000 tisd been diapmosctl lat induction} to have ti didt^ose tlmt 
noittier they nor their friunda would have BUnpected und^*r prewar 
condjtiene. And how are these [Hiticuts, nmny of whom nted snnw- 
loriitm Ireatincnt, going to be accommoditted by the currently te- 
Mricted peraoririrl of ebe sanatoijumsT*^ Early in 1042 the [lumber of 
l3i?dB for Uiban!tdi:@Ls patients in thia ^luntry totaled or 1.62 

animal death, wln^ is at host well below th*s tiiitiimum standard 
ssit at 2 bedn per annual deaih and far ImsIow thn more idenl standaitl 
of 3. In 1043 only seven States and the DJatriot of Columbia hml rnrl 
the minimom standard. It is quite possible rbat under pre^nt con- 
ditienn of parennnel shortage the paper figure of 07,726 beds available 
for tuliCrtHilaais patients must be enru^idernbij discDuntcd. Where 
fighting is actnally going on tha condition is^ of couraa, mtich worse- 

Ju-^t whiit hm happe^ned tJiiM far in Lhe present war! niltelwe 
states that by lhe last half of 1942 in tfe United States the Bureau of 
tho^ Cciiftujs^ by n aamplirig proce^ liad sensed an iiHrcmie in litt^ercn- 
Ic^ie in rliQ *^ 01 : 1110 *I alihmigh the tnLal Bgure for lf>42 nrpra- 

aenta an all-time h^w rate of 43.1 per lOOjOOO. In England he notce a 
13 percent increftAc in deaths from all forms of tuliercnloaiss Jn 1941 
08 agqinef tOBE. This rcprciients more ihati 3,00(1 additional diiolUs 
«ich year from a prevenrable disease. Beccfitly in the Brttiidi Jfctli- 
rtil Journal (Jaiiimr)^ 8, 1944) it is stated that tn Ih^tgium the regis- 
tered cases of tuberculosia increased from 69,079 in Di'ccmber 1941, to 
I09Jill in February 1913, an inercitse in rate from the high figure of 
ftSO ficp 100,000 to the irtartUfig fignra of Ijaso per 1004)00. If tliera 
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OTQ 10 clinical cases ol tabervalosU for ctctj snnuo! death, we hmTo in 
the United States less than 000,000 cans at tlte present time or only 
six times as munj oB now exist, in littia Bel^um, whicli has perhaps 
only one-twentieth of our population. Many of our |»ople ore in, or 
ohottly wilJ be in, tiuase tinfnrtimate European countnea. It would 
Buem a safe prophecy to venture that the tuberculosis rate in thb 
eouiitiy may bo slightly increased for ■ short {lenod, but it idiutdd 
within a very few years again cesnmo its downward tmid. 

In view of the very low rato now obtaining (43.1 in it would 

be reosonabie to expect a greater set-back relatiroly than wo export- 
encod at the end of World War I. The mognitudn of this sei-hack may 
not bo so much one of significantly increased rate as of Bluwuees to got 
under way again on the downward trend* For a dtstuse na widdy 
cct^Ied In our population ita tuberculosis and for u population muiw 
completdy involved in ahnorma] war activity than was the case iu 
World Warli it would not be eurprising if thic were to be so and the 
very favambte rates now aUainod would seem to be ndvanced poets 
we nuiv luive to abandon for some time. One factor in thin slightly 
pcesimistic prediction b our clofienosa to and commerce with the rest 
of the world in many parts of which tubercuiosht is rampant. 

At. one time tlic tupe was expnssrd that we might be able to eradi¬ 
cate tiibei’cniosis by a given date—say 196(1. It should be iiniierstood 
that any such statomcTit was merely a ologiin, m cry tiehind whidt to 
rally the forces figliting the great white plague. As Frost ably 
pointed out in one of his laai. papers, entittod “How Much Control of 
Tuberculosis T'- it “is not uecesaaij that transmission be immediately 
and completely prcvcnteil. it t» neecssaty only that the rate of trons- 
tnionoD ba held permanently ImIow (ha level at which a given number 
of infection-spreadbg (i. ope«i) esaea ziiicoKd in establishing on 
equivsTont number to carry on the succession. If, iu suctesii vo periods 
of tittup tha number of infectioua hoste ia continuously rcdtioed, the 
end nauU of this dimiTiifihmg ratio, if continued long enough, most 
be the extermltinUoii of the lubcrclo hodllus.” 1 am not awum that. 
Frost ever set any date for tliia millcnnimn. As a very humble stu- 
dent of epidemiology I am sure I cannot, I doubt though it under 
prcFoiit. war conditiotiB wc have ony reason to anlidpuit- any lowering 
of the death rate for the eiitiru country fmii 43.1 to oven 10 per 100,000 
for mverfll dociidea. Many millions of Americans are alreody tulwr. 
ctilin ijoeitive; ihoiifionib of unrecognized advanted cases of tuber- 
culoeis exist today j Europe and indoed most of the rest of the world 
19 hoa^ly tulttrciilarijecd It is too much lo expect tuharcuiosia death 
rates to continue to drop as rapidly as tlwy have in iho iioat. To reduce 
194.4 by 10 percent is not so diBicultoa to reduce 43.1 by 10 
aiftexi^t-ss 
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Oaq ^ther pwnt thnl F rost tiukcs tlestrves uur iitt«ntinn. H 0 : 
‘*lt re highly pn>hahl« thal th» cyclic i:]ititigi>s iu prevAktice which 
Hj*eobeciTed in^witiid diseases are bmught about chi^Jly by evolutionary 
changes in the cliaractcristics of the spccilic micritorfrnini«ii-<;. the camp's 
of which lire to he found in uneontrotled fiaiutal forces.*’ Frost men* 
(ions senrtet fever and diphtheria as tivo of the rliscases lhal within 
t)is past iOO years have greatly idumgcd. nhiuiugii in the case of 
diphUicria the oliangv reversed itself nnd diplitluiria is again a proh- 
km of some aignidcuncr in parts of tiie vi'orhl, Smallpox^ einco tlm 
Spanish Aiuericau War, bus Ucen rclalirely mild whim it has occTErrod 
in I Ilia wmitry, and in Iftlif caufied but two deaths. It could be [ws- 
dbls Ihtii <^cUc rhanges may be taking place in the nniiire of tim 
tiibercto bacillus making it lesa inTantvcH, but wheUier thre is * 0 , buw 
long it will ctmiijitje. or whether it will reverse are tn-opoaitioris very 
difllcull o£ proof. Again, cone finding uiiong mimical students and 
phyaiciaire yields reaiilta with liiiggestive iatplicalions for this point- 

Case finding Jiieanti looking for cases of a given disease. It ia itoiie 
to discover unrecognized cases that ishmild be brought under treatment 
for fbftir own good and isolated or whicated bo Liiat ihe public hrallb 
may lie protected by imioTing active sources of infect ion. Ait hough 
usefuI for several diM'Sscssuch as tnaJaria and iiookworm, even syphilis, 
case finilijig is particularly adaided to tuberi'ulosis. It b jxissibk 
through tiiberctilln testing to discover those belonging to the tiibcr- 
L'uUti'posUive group of pereotis who can have tuberculosis and, by 
X-ny examination, tn detect which of tlirse have pliymcul signs atuiost 
oirtain before long to produce clinical ^mptoma. Such individuals 
may Ivs satisfactorily urrested wii-h a mUtimtiiti of ireatniciil and tuas 
of time whereas if liio m i nim al rase is not. discovered in its incipiency 
a ni^lnrately advanced or wen a far advanced caMr may reinili. which 
ia dlAicuU or tin]>iissible to arresL The jjrwtt advantage to the curoful 
esaiuinatian of the would-be eoldicr or sailer is that tuhorviilostd is 
diacovered. as never before, in tlie staan in which it is posgible to do 
something about tire matter. From the firgt approximaUfly -100,000 
mon apupearing for the Canadian Ai'uiy, 1 pcivent were rejected for 
tnberculoKie. Of ti.&'lOof ilieso rejectees, 1 here wero l,S»T0 with niinimat 
lubftteuloaia, 1,208 mtidt-nitely advanced caw*, nml far advanced 
cafioa, ITiis ratio of the difTerpitt clinical type* (nod the sanie is true 
for all other latige-saile twreeningBl is ijic cxnot reveree of what occura 
when wa let nature take its course. In the ptuti. uiiuinaU cases have 
bacn a minority in the treuimeni pivignun wjilj mederatclv siivaucsd 
and far advanced cases cotretitoting tlic great majority of coming 
to the attention of tlie tpimiejan ami tiu* rare of hia wnntoriiim. li 
is 10 1» hoped thal although wr are 11 1 war core will Iw taken ihftt the 
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y<^m\g nwn und wc^umi found to hmv^ tubejiculoflj# will bo ]id«q\uitdj 
cared far* 

Tubortfidin Ici^ting is time conmming and and» 1 r^grot ro 

]h iiomotimos omitt^ from the case^finding ^rt-vip. Cetlulnid 
filmfi, 14 by 17 mebe« isi^e alfio v'Dry ospeitsJYif, and FftTcrul euhititutee 
[lave boon wotkoi] out inching it pu^ible tu examine the liings cif h\\ 
tiKunborti of a grou[J {u g^iod cmse-dtidlng toain con da fiUO poxwna a 
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t'iuL'He 3.^—TOlsprtmtwli oasi^rtmJSm pirttrsmi it ttif Sciwwl af Xledlsilai^. 'i3ia 
ileorp* lVatlilns?Oii UftliT«*n|, 


<luy) III n ruAMiiiable ctel, WUllo iliiis cxv«Jient works imd is 
fore justified, from the epidetiuoli^k'iLl [witit of view It is distinctly 
foully bccftUM tli« tuberculin tferi gives mforaiAtion we oiusi have for 
rho pi-opor imdersUnding of Uie disense, mul the lurge plate provides 
n pomiQiictit record «fte<jiialed by most of the le» cnetly sulistltutes. 
At Gt'oi-go Washington Univnfsity Mwliol &hotil, through the in* 
tenist and coo]»fatlon of the dean, a proper and complete riwe-finiling 
program has i«i progress almost 5 years. The organiaatiou and 
oi>eration of this program are graiJiiedly iiidicateil in figure 3. 
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It wU! b« £e(!t]i frcnii ilgitra 3 thfti agviiH'ied niiiat W 

integrated Ui iha pregram. The^ an! itia tubemiliii-t^ing gmup, 
tba X*raj? group, Uia elH^t-phrsician group, tbo tabomte^ry 
and the sanatorium gronp. Coordination is tiofiX effected by tliat 
ngvney haring most studonC contact, vbich in our institudon ia ilia 
tubarculiji-testing agency lepresentfid br tJio writer. When thera is 
auinniont Lnlorest in t]a« program on tlio part uf the coordinator the 
cooperation of tiie oilier agenciea ia easily obtained and cheerfully 
given. In addilion to the value of such a program to tlje heuUii of 
the student body the tuitereuloais case-finding program is an admirable 
laboratoiy ex[>eriniient in prerentire medicine. 

Wbi'ii it was reaJiEcd that exposure to open coses of tuberculosis lied 
to be considered as an important factor in tho etiology of the d‘ge i |C T» 
It was only natural that thought turned to medical personnel—pliy- 
etcions, nurses, hospital uttcndanls, and sUdente of medidne and 
nuraiitg—as peri^ons having an industrial haaard witli respect to 
tuberculosis. Three eiamplea will illustrate the validity of this 
assumption. Diehl and Myere reported in lIWt> that at Minnesota it 
bad been poesible to check effectively on the corecca of 1,(173 of 1,604 
medical atuilents graduating from IDJD to 1030. Among tlirso there 
were 10* cases of tuberculoflis, 0 occurring beforr college, and 47 after 
college. It was found that 40 daalJui had occurred among the 1,0TA, 
of which 11 liad bean from tuberculoela. 

Again it is wall known that inmates of our mental hospitals form 
a group among whom toborculcais is eapcctnlly important. A recant 
»tady of such individuals in New York revealed that on the average 
tuberculosis deaths in such groups in this State were relatively tweJvo 
Umce more numorous thau for the State lus a whole. In certain such 
uiatrtutjaiia in this country where careful rayc'finding jirograms havt 
been carrl^ out an tlw attenilanta, rates of infection and uctuul evi¬ 
dence of disease much higher than ocettru for other individuals In tho 
same area have been found. 

Iliirdly, tho early exporiencs nt tl»n University of DennsylvaTiia 
revealed the significance In that institutioti of iiibereuloflis for tniidi- 
cal students. l a w s than 10 years ago among 514 PBiineylvaniii stud¬ 
ents 5,8 percent of rigntficani titl)crculu)us was found- Happily, re¬ 
sults in most otlier si'lioole are much better, and in fairness to Penn¬ 
sylvania it ahiiuld be pointed tmt that subsequent studies Lliere have 
revealwl a very mudi tower rate. Nevertlmlass, there fisomeU lu bo 
much logic to the Btatefiicnt tiuitlu in 1030 by Stiedl of Tni<leau when 
he said: ‘*Tubereuluaia might hr called eri iniluvLrial hazard for the 
medical profesaion. It is (he moefc important chronic dibbling dis¬ 
ease for the lucdieat etudsiil,, the young physician and d'le rmreo.** 
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III 1!W0, n c*F*v0udln|f progfjini al (Iwtrftc Wushinsion Uni^^efslty 

SduMi] of Modicino wits iripiituted- For many yoais prior to UiJS, as 
1 shflU siLow presfitilly, we lifld IweB mttkiiig tuberculin surveys of all 
etudents, but t compfeUi eaBt^nding pH^nm lind noU prior lo 103a, 
lieen in eiisteuce in our institntiim* It is greatly to the credit of iny 
Joinier colleague, Dr. Jolin H* Hanks, now in the PhiUppincs, and 
Dr. David Janies, then president of the iunior due®, tliat dicy fur- 
lushed much of the initial enthwfihisui needed to get tho program 
tiniler way. Tlie interest from the Stst of Dean Walter A. Blowlom 
and the wliule-heartwl cooperation of the rocn^ologicnl and chc^- 
physician group insured the success of the project. We have already 
indicated in a diegnun how tuhcrculoaia case finding works. It 
remains merely to give fionie of tlw reault* and to make a few 


ohfierv8t.lofi& 

The tHiTL'cntage of tubercolin-po^itivc reiicInrB among I-l coneem* 
tiro totaling l,(Hyr smdonts at Geiwgc Washitigton Unirereity 

School of Mctlicine is shown in table 2. iVith so many tnbemolin- 
ncctttive studentB in echool, a situBtioii true in moat other schools abo, 
it was only natural to expect, that many of them would become tuber¬ 
culin positife. A good many of tlieo tuherculin-negaiivo stvidente 
did bccoino tuberculin pcieitive but not nearly so many of them as one 
might expect. Wa^ldngton is in an area of hg tuborculwis mortal. 
itv am figuns, entire Jj. S. A., 45.P per 100,000 population; District 
of Cohimbia, 04.41 Mai 7 l«»d, Tff.l t Virginia, ^ 

certuinlv come into contact with tubercle UcilU. We were prljcu- 
larly impresswl by tho large- number of thorc who wore onginally 
lulierculin negatiro and who renutined ncgali^-e thretigh a complete 
medical educaaon in Washington, D. C, Data <m this point are 
presented In table 8. 
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We were furtlser impresaecl by the facrl tlmt e cottpiderable number of 
mnlical gtuOctiU who gaT® weiikLy poaiuve tuberculin tR^ts Inter he- 
cnnie negative. Studentii were not foUowcrl prior to l&SO tlimngh nil 
iicmestetat hence the figunis on this point Jo not include ilII our ftj>* 
prorimntely 1,000 atudentu. Of those fnllowwl («W), liowevor, iru 
have tencUHl only to tlie strong dose nf piiraiod protein derivntiTC. 
'nils represents a low grade of senailivifcy tine perlin|*a to an nltnost 
negiigihto original scusittzing Icaion or to a lesion aimtksi comple^y 
sterilhsod or possibly, in an occasional case, to a nonspecific reaction. 
Nine daMiCs ape included in this «i?j->ect of the study, four of which arc 
still in sctuxil, on whom ohvtoiwly tlie data are not yd eomplcte. 1u 
the five classes coiiocrncd that have graduatcsl M sibiiwed weakly 
poflitive reactions as freshmen. Of these, 18 dmwetl stronger r«tc- 
lions ns they proptessed through school, indicating sotna sort of aend- 
lining or uninuswng process at work. Sta hecnnie entirely negutii^e 
and on# bccotne weaker in tuberculin reactivity, S2 remained the same, 
and a few of the original freelimon did not gr^uate, iVniong ihe COtt 
studeiita of these nine danea 819 were positive U» »oma aitongUi of 
tnhercuUn as freshmen (47,9 percent). Of thea?, 184 (42.fi percent) 
were weak reactors. Among the :S8 rfndenta of the last four rtBP»i«» 
there were 189 reacting to tuberculin (43,0 poroent), of whom 18 were 
otily w'caMy posittvo (RfiJ. percent). Among the 343 stndcnta in this 
aeries who liav# graduated there were ISO tubarcultn reactors (®.4 
percent), but of these only 56 were weak reactors (3LI percent). 
Several |>ainta umy 1>e made regnrding thM data. .An environ- 
mant containing tubercle bAcilll does not prevent a certain numl>er 
of wrakly pceiti ve tuberculin reactors from beecmiing negntive. Thee« 
individuuls may be thought of as red^tant strains of the huntan race. 
(Jur newer students arc showing not only a lower total tttbercuiorixa* 
don rat# bill also a luborcularization of less intenalty, Tuberda Its* 
cilU in the environnient are doing laea to mnlicd atudtiiita than 
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(omoTlv. Ttlifi h wwceptiUe Ui ihrt^ interprL-KiUont The taljcrde 
bariUi in the cnvirtmnBint ar* Iwcmning f^VTCt: thisy are l«ong iii^ 
voBivene® and virulence; nr, thinlly, the c«nsuinc« of the 
American w tubcrcTilcjsiB b intTeMiiig. lUr arst point lit 
but can ImrdJy lie the ffhole eiplwuition. I believe wiv miss the full 
aignificfiJice of the data ii wa do nm also allix-ato smno imporiance 

U. i^i of ilie other two cipbimUoiis. u . , i. * » i 

Weight is iiiitied to Uib auggeaiinii vi'hon we contiukP ^iit the tolul 
numW of tuberculin-nejiutive etudoiits in ihe echool, all ptwmimbly 
-iiSt!eptjl)k' totjuceesflful invasion by tiietuberdo UuciUus, wt mneasuig* 
Uliis ntimber b the mubus made up em-h scmteier after the tesU 
done. In November 1&41 ihm Tre« 147 tid«rrulln-D^t,w ^udenU 
in iheBcluwl. Ill ihia number woa 1&7 In 

it ™ m among 3lS students, or a studiml iiwly only 46.9 pereent 
tubewulto positive. Them bos been a siigilt m ^ 

number of dudsnte in the school, hut this hoe h*en balam^i oH by llui 
fad dial oiir two ebsifes, though the nutial 
rate wma low, had higher perccniagcs than tile avem^ nf the preceding 
four (48.3 »» ngninsl 4UJ percent). j ^ 

program was started iu 1939, only iimoaiudentB have ^ found i^lh 
Snidrnal tuberculosis, although three others were detoct«rshortly 
following gniduptiim. At the present time, wdh 313 studentB m 
aUeudance, not one has mmimiil tuberculosiB. Th^ fine record sur- 
passes tliflt revedod in alm«rt any tnoife survey of adults. Among 
aSOfift llnitrtl SUitoa Government employws receivlly surveyt^, id 
Jrtent had recugniiable tubareuloda GSOJ potueni mimmoij 35J 
rieresnt miKkramly adraiicud; 4.0 percent far adyuneod). 

It has Ik<«u our rurp"« >" the* observations to empha^ 

size that, alUiouffh temurkable pn«r«B hue been made m cotiibatmg 
tubcrculosde. that progress lias not rtjiiided advauee achieved tn con- 
Irtfll I rig other wtli-knowii diseases. We m urn believe tuheraul otna 
is RttU % inoior problem. Its eradkatiuii may he set baeJt hv the war 
hut not irrevocably. 'riibercittosiB morbidity and morUlity wn he 
ruduced to >t aatisfactorUy low level, but I do not to sec m my 

Ufetime, the absolute elimination of the disaase. Our e^uh nee sug¬ 
gests that the tuherouJoflia problem U not at present imdaly signiacmit 
for mediral studente and that there is some ground for wiisidcrmg 
mtJier Hmi tlie young Tvhita adult has mot* rwi^tam* to the 
hadihis than his father riossos^l or that the 
totl» la Itisdiig soioc of its virulence, I ossibly a liUle of botli is 
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